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QUAR 
FOR STABLE FREQUENCY GENERATION 


FEATURES 


pins. Fits standard miniature deaf-aid valve socket. 


available for low and medium frequencies. 








~ ERYSTAL UNITS 


Low temperature coefficient—less than 2 in 106 per degree Centigrade. Patented nodal 
suspension. Mounted in vacuum; performance independent of climatic conditions. 
Exceptionally high Q@ value. High stability. Small size, 3 in. by % in. overall, excluding 


The type JCF/200 unit illustrated above is representative of the wide range vacuum-type units 
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The remarkable accuracy of the DUBILIER PRECISION WIRE WOUND RESISTOR is due to its 
scientific construction. A slotted high insulation ceramic former is wound with enamelled resistance 
wire of not less than 0.0014” diameter. During winding the wire is subjected to tests to eliminate 
accidentally shorted turns and to ensure the essential high standard of insulation between turns. 
Contact between resistance element and terminals is by the exclusive DUBILIER moulded metal 
method which removes the possibility of weak, non positive or noisy connections. All units are 
suitable for use up to 50 Kc/s. Full technical details on request. 





DUBILIER CONDENSER CO. (1925) LTD - DUCON WORKS + VICTORIA ROAD - N. ACTON - LONDON - W.3 
Telephones: ACOrn 2241 (5 lines) Telegrams: Hivoltcon, Phone, London. Cables: Hivoltcon, London. Marconi International Code. 
D.I9 . 
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We specialise in the HERMETIC SEAL 
production of all types TYPE HS 421 
of Metalised Ceramic z |. 
Flashover Voltage 1% { 


components — Her- 3 
metic Seals, Sealed | Ssuvneanore oe | 
Lids, Tag Boards, Flashover Voltage 
Bushes, Formers, etc. over inside path f 
These are available in 3.5 KVDC at 20°C. 

soldered, coppered or | Small size. Close 

silvered finish, accord- eee | 

ing to requirements. | ‘ robust. hi(*) 
The suitability of any ‘ 
finish is a matter 
which we shall be Components made to standard design 


° or to customers’ specific require- 
pleased to discuss. ments. Write for details. 

















UNITED INSULATOR CO. LTD 


Oakcroft Rd., Tolworth, Surbiton, Surrey 
Telephone : Elmbridge 5241 Telegrams: Calanel, Surbiton 








BELLING-LEE 
‘QUIZ’ (No. 6) 


Answers to some of the questions we are 
continually asked by letter and telephone 





Pca ats 
§ % 


Q.20. Are Belling-Leet Television 
Aerials suitable for all sets? 


A. 20. For optimum results on a 
certain frequency a dipole aerial must 
be of the correct dimensions. Where 
Ths sie a reflector is incorporated, we 
~ recommend that it be spaced a 
oN distance of one-quarter wavelength 
mas DN behind the dipole. 
All the necessary characteristics have 
been most carefully considered in the 
design of our aerials based on the 
requirements of the B.B.C. television 
transmissions. We can therefore 
confirm that they are suitable for use 
So Se with any type of T.V. receiver using 
cs a feeder cablet of 70-80 ohms 
- - “| impedance. 














Q. 21. Is steel the best type of metal 
for manufacture of television aerials? 


A. 21. Not necessarily. Copper 
alloys are normally used for hori- 
zontal wire aerials, but in rod or 
tube form the cost of copper alloys 
would rise very considerably before 
it would be possible to reach the 
rigidity which is necessary to prevent 
euthaaielh distortion during assembly, erection, or under gale 
conditions (see Question 9 repeated below). 

Owing to shortage of steel, aluminium may temporarily have 
to replace our zinc-plated steel tubes. 








Q.9. Why make television aerials of expensive rigid construction? 
Will a wire not do just as well? 


A. 9. A television aerial is really a tuned circuit which has been 
pulled out of compact shape. It therefore possesses a measure 
of selectivity. The reason for making the element of fairly large 
diameter is because it is known that this flattens the response 
and thus makes it more certain to produce high definition 
(sharp focus). This particularly app ies now that the band width 
of the transmission has been increased, and if receiver designers 
take advantage of the higher quality of transmission, a deteriora- 
tion of definition might be observed if the present rigid dipole 
element were replaced by, say, 7/22 copper wire. 

to be continued... 


¢VIEWROD Regd. Trade Mark 

L.502/L. Dipole, reflector and cross-arm with chimney lashings, 

each £5 12s. 6d. 

Supplied also without reflector and/or chimney lashings, from 
7s. 

$L.336. Balanced twin feeder, 74d. per yard extra. 


BELLING ¢ LEE LTD 





CAMBRIDGE ARTERIAL ROAD, ENFIELD, MIDDX 
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Rules the Waves. This isa 1 Bank, 4 Pole, 
4 Position Switch which has proved its reliability and SZ 
robustness the hard way — in radio receivers used by 

Service personnel in their off-duty hours! It selects — and what 

is more to the point gocs on selecting — from 3 radio wavebands 
and Radiogram operation. The Type 40/1345 is going to save 

a lot of service costs and a lot of headaches for radio set 
manufacturers and their dealers. Not to mention the set-user | 


WALTER INSTRUMENTS LIMITED, GARTH ROAD, LOWER MORDEN, SURREY. TELEPHONE: DERWENT 4421 -2 -3 


WALTER Type 4 


n # 1345 
"de for . 














THE SWITCH OF OVER 2,000 ASSEMELIES 


C.R.C.16 
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Tue Model 7 Universal AvoMeter is 
the world’s most widely used combination 
electrical measuring instrument. It pro- 
vides 50 ranges of readings on a 5” scale and is 
guaranteed accurate to B.S. first-grade limits 
on D.C. and A.C. from 25 to 2 Ke/s. 
It is self-contained, compact and portable, 


FU 


simple to operate, and almost impossible 
to damage electrically. It is protected by 
an automatic cut-out against damage 
through severe overload, and is provided 


with automatic compensation for variations ONE INSTRUMENT The AvoMeter is one of a useful range of 





in ambient temperature. measures :— “ Avo” electrical testing instruments which 
he ke = hy i F Yh 100 -) are maintaining the “‘ Avo ” reputation for an 
Resistance (up to 40 megohms) unexcelled standard of accuracy and depend- 


Capacity (0 to 20 mfds.) 
Audio-frequency Power Output (0 to _—ability—in fact, a standard by which other 


2 watts) 
Decibels( — 25 Db. to + 16 Db.) instru: nts are judged. 





Write for fully descriptive pamphlet. 


Sole Proprietors and Manufacturers : 
AUTOMATIC COIL WINDER & ELECTRICAL EQUIPMENT Co. .Ltd., Winder House, Douglas Street, London, S.W.| — 
Telephone : ViCtoria 3404/9. 








Are you on the “2 
Muirhead Mailing List? VACUUM PHYSICS SPECIALISTS] 
The 1 


If you are interested in any of the following divisions ot ° 


instrument work, fill in just one more form and send it to age 

us. We will then keep you posted with our developments in ; Mn, oll. 
your particular field. ~e N 

The d 


Name: f A e wide 














PO TY Oe a ee JACLLUMA 2 f +t ABOR AT ORI pags 
Address to which . on hig 
information is . -. electragics } 
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Position held: MAKERS OF: 
e 
DIVISIONS OF INSTRUMENT WORK: 
ee and Resistance Networks .. . ° ° E LECTRO N M IiCROSC (@) PES 
aboratory Condensers and Inductances ° » . . e 
A.C. Bridge: d Accesso . ° e ° e ° . 
Guctlianaee, heme Forks and — Devices ° ° ° Fos GAS DISC HARG E TU BES 
Dials and Drives . ae ° aE 
Switches . ° ° ° ° 
og PE ee LN ELECTRON MULTIPLIERS 
pH Meters and Equipment forthe Chemical Industry. . | : - 
% Please indicate in the right-hand column CAT H oO D E RAY T U BES 
the divisions in which you are interested * 
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Muirhead & Company Lid., Elmers End, Beckenham, Kent . 
Telephone : Beckenham 0041-2 Dunbar Works, Dunbar Street; London, S.E.27. 


FOR OVER 60 YEARS Telephone : Gipsy Hill, 3351, 4671 
DESIGNERS AND MAKERS OF PRECISION INSTRUMENTS 


C.R.C. 61 a 
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THE SOLUTION 


to the problem of the 
LABORATORY BATTERY 


Instal a 


<weESJAT> 


FULLY AUTOMATIC RECTIFIER EQUIPMENT 









Cell voltage 
accurately con- 
trolled. Battery 


cannot be over- 
charged or over- 
discharged. It is 
automatically 
maintained in a 
charged and healthy 
condition, despite 
erratic loads, and its 
life is thereby 
prolonged. 


Write for publication 
M.R.12 to Dept. E.E. 


WESTINGHOUSE BRAKE 
& SIGNAL CO., LTD. 


82 York Way, King Cross, 
London, ae 
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INST MENT... but NOT 


‘‘ Laboratory” 


The newest addition to the “Advance” range of Signal Price ! 
Generators Cpe an instrument of laboratory class within 

the financial scope of every radio service engineer and 
experimenter. 


The discerning engineer will appreciate its accuracy and stability, its exceptionally 
wide range which covers all frequencies required for radio and television receivers 
and its accurate attenuating system which enables itivity to be made 
on highly sensitive receivers up to 60 Mc/s. Send for fully descriptive pamphlet. 


Range: 100 Kc/s—60 Mc/s 
on fundamentals (up to 120 
Mc/s on Second Harmonic). 
Accuracy : 

Guaranteed within + % 
Attenuation: Constant im- 
pedance system* embodying a 
matched 75 ohms transmission 


line. 
Stray Field: Less than 3 
microvolts at 60 megacycles. 
Iluminated Dial : 
Total scale length 30” 
Power Supply : 
110-210-230-250 volts. 








Weight : 15 lbs. 
Price 19 Gns. 


The New 


Advance 5: 


ADVANCE COMPONENTS LTD., Back Road, Shernhall Street, 


Walthamstow, London, E.17. Telephone : LARkswood 4366/7. 








ensions : 
13° x 103” x 72° deep. + 
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Pen. 453. DD 


Filament Voltage 
Filament Current 
Maximum Anode Voltage 
Maximum Screen Voltage 


Pen. 45. DD 


Filament Voltage 4.0V 
Filament Current 2.0A 
Maximum Anode Voltage 250V 
Maximum Screen Voltage 250V 
Mutual Conductance 9.0mA/V Mutual Conductance 12.0mA/V 


War et Taveras 


The Pen.45.DD, designed for use in A.C. Mains Receivers, and the Pen.453.DD, in 
AC/DC Receivers, are Double-diode Beam Power Amplifiers. 


In either valve the double-diode section is completely screened within the valve from the 
tetrode section, so that the two sections may be treated as two separate valves as far as 
circuit considerations are concerned. They are designed to combine the functions of 
Detector, A.V.C., and Output Valve. 

Under normal operating conditions the Pen.45.DD will give a Power Output of 4.85 watts 
and the Pen.453.DD of 4.3 watts for 5% Third Harmonic Content and with the Second 


Harmonic not exceeding 5%. 


RADIO VALVES AND CATHODE RAY TUBES 


THE EDISON SWAN ELECTRIC CO. LTD., 155, CHARING CROSS ROAD, LONDON, W.C.2 


R.M.47. 
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N his Editorial note in 

February Wireless Engineer, Prof. 
G, W. O. Howe refers to an article 
in the Australian Proc. I.R.E. 
advocating a more rigid adherence 
to standard terms and symbols. 


He has anticipated a note on 
similar lines which was overdue in 
this Journal. We couldn’t agree 
more, but standardisation seems 
one of those things that is easy to 
recommend and less easy to carry 
out in practice. We should hate to 
undertake a wholesale alteration of 
authors’ MS. to bring the symbols 
into line with agreed standards, 
especially as opinions are by no 
means unanimous on the present 
standards, in spite of B.S.I. publica- 
tions. 


Prof. Howe has quoted the original 
author, however, on several im- 
portant points on which there can be 
no argument. The abbreviations for 
the multiples and sub-multiples of 
the units should be quite definite 
and allow of no variations. They 
cannot conflict with any personal 
ideas of what is right or convenient, 
and their misuse is only a bad habit 


the 


K 


which requires very little effort to 
break. 

There are two _ outstanding 
examples of wrong abbreviations : 
mF. for microfarad and me. for 
megacycle. As the article says: 
“No one would dream of using mV. 
for microvolt,’ and it is no more 
effort to write u than m. The use 
of pF for uuF is also an advantage 
and saves a little time, although the 
Americans do not seem to have 
taken to it kindly. In fact, one 
dictionary of electronic terms refers 
to pF. as an obsolete term for 
micromicrofarads, still used in 
Britain. 


_ Then there is the vexed question 
of “k” for 1,000. The growing 
use of K in circuit diagrams to 
signify thousands of ohms is to be 
commended—it has no ambiguity, 
saves space, and is logical, especially 
if it is followed by the 2 sign. 


But for some reason, when the 
sub-multiple symbols were standard- 
ised, k was adopted for 1,000 instead 
of K. Presumably this was by 
international arrangement, but the 
rule has nothing whatever to com- 


mend it. It is illogical and in- 
consistent with all the other standard 
sub-multiples and multiples which 
we are being encouraged to use. It 
is this sort of thing which provides 
an argument for those who wish to 
follow their own rules: “ Why 
should we adopt standards which are 
inconsistent in themselves ? ”’ 


This odd “k”’ is an eyesore in 
every electrical journal: kV., kVA, 
kW. Why not KV., KVAR, Ke/s., 
which look like real power engineer- 
ing ? 

_It may not be practicable to 
enforce observance of all the 
standards at the present, but we 
may attempt to remove one in- 
consistency and thus bring about an 
improvement. The proper use of K 
is a step forward to which there 
can be no objection, and from now 
on this journal will use “K as a 
rightful abbreviation for Kilo. 


Having heard the first blast of the 
trumpet, perhaps our friends of the 
electrical press and the Wireless 
Engineer in particular, will support 
us in the campaign for consistent 
contractions ! 
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High-Speed 
Multi- 
Oscillograph 


BORER ARENAS BOE 


a aaa eey: 


Recording 


Fig. 8.. An oscillograph for operation up to 20 Kc's. Recording is from the six cathode ray tubes seen at the far end; the 
camera unit is in the foreground and uses 59 mm. perforated film. The controls are at the centre. 


Fig. 9. A record taken on the oscillograph shown in Figure 8. Time marking is by the two superimposed light interruptor é tion i 
marks at the lower edge, one indicating time intervals and the other revolution intervals of the test installations. : has 
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A Modern Vibration Measurement Laboratory 
Part | — A Study of the Conditions to be Satisfied in Vibration Measurement Work 


solution of mechanical vibration 

problems have become of consider- 
able importance. The demand for in- 
creased output of power plants, often 
in combination with the necessity for 
weight reduction, has resulted in the 
detailed study of vibration stresses as 
a standard feature of design work in 
many branches of engineering, par- 
ticularly in connexion with metal- 
bladed aircraft propellers, reciprocat- 
ing engines and of late with gas 
turbines. 

In this work, measurements may be 
made of actual vibration deflections in 
space or, by using the comparatively 
modern technique associated with the 
electric strain gauge, measurements of 
the alternating stresses due to vibra- 
tion in a structure, The latter method 
has greater advantages, since in 
nearly all cases the alternating stress 
is the quantity which must be known, 
and vibration deflection measurements 
only enable the stresses in a structure 
to be known after calculations involv- 
ing the deflection measurements have 
been made. 

The technique of measuring stresses 
directly has depended on the wire 
strain gauge, While this device is to 
be dealt with in greater details in a 
subsequent article, it is necessary at 
this stage to consider its main 
principles as this will facilitate an 
understanding of the requirements ct 
apparatus for stress measurement. 

The electric strain gauge makes use 
of the fact that a wire conductor ex- 
hibits a change of resistance propor- 
tional to the mechanical strain that 
takes place in it when it is extended or 
compressed above or below its normal 
length. “e 

In the practical form, the wire strain 
gauge consists of a close zig-zag of 


|: recent years the investigation and 


* Late of Vibration Dept., de Havilland 
Propellors, Ltd. 
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By A. J. COGMAN* 


wire embedded in a thin wafer of 
insulating material, usually impreg- 
nated paper of some kind (Fig, 1). 
The gauge is cemented firmly to the 
test surface, with the loops of the zig- 
zag in the axis along which it is 
desired to measure strains, The 
wire has end leads of stronger materiai 
spot welded on to its ends, 

If the test surface undergoes strain, 
the wire grid will be extended or 
compressed according to the nature of 
the strain present, 7.e., whether it is 
tensible or compressive. 

The resistance measured across the 
gauge ends will change in such a 
manner that 

Fractional change of resistance 





Fractional strain 
= Constant 
The constant factor is known as the 
‘‘ strain sensitivity’’ of the gauge 


‘material, and is sensibly constant for 


wire samples taken from a given 
metal. 

Since this constant may be deter- 
mined experimentally for the wire 
used for manifacture of a batch of 
gauges, and the resistance change 
may be measured, the mechanical 
strain and hence the stress where the 
gauge is attached may be evaluated. 

The main problem in vibration 
stress measurement is, therefore, - the 
translation of resistance change into 


Fig. 2 (right) A group of 
typical strain gauges :— 


(top) Baldwin South- 
wark 120 Q type. 


(centre) Baldwin South- 
wark 500 (2 type. 


(below) de Havilland 
2,400 © bakelite impreg- 
. nated type. 


a 


Fig. |_ (left) The basic 
constPuetional details of 
the wire. strain gauge. 
The strain sensitive wire 
may be-in the form of a 
flattened helix or a close 
zig-zag. 


some form of oscillograph record, 
and of obtaining direct measurement 
of the resistance change when 
measurement of steady stresses is 
required, Several types of strain 
gauge are shown in Fig. 2. 

Vibrographs employed for the 
measurement of vibratory deflections 
in a structure are nearly always of 
the electro-magnetic velocity type, in 
which the lines of force of a magnet 
are cut by the turns of a coil. Varia- 
tions in design are numerous, and 
all types may be said to have dis- 
advantages from the engineering 
viewpoint ; their worst feature usually 
is their susceptibility to shock. ex- 
citation at their fundamental natural 
frequency. 


Frequency Ranges and an Outline of 
their Scope 

There are in general, three fre. 
quency ranges into which apparatus 
can be grouped, #.e.: 

Zero and low frequencies up to 
2 c/s. (120 c/min.): mid frequency 
range, 2 c/s. to 1,500 C/s. (120-90,000 
c/min.); high frequency range up to 
20 kc/s, (1,200,000 c/min.). 

The lowest range includes stead 
(or ‘ zero frequency ”’) stresses which 
may be set up in a structure in com- 
bination with vibratory stresses; it is 
frequently necessary that such values 
of stress be known, consequently 
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Fig. 3. Record taken on the apparatus shown in Fig. 4. showing the [2 stress records and the time marking traces. 


Fig. 4 (lower left). Partial view of the apparatus used to produce the record 
shown in Fig. 3. Four stress recorder amplifiers are installed in each of the 
racks shown, while the monitor tubes are visible in the mirrors at the top. 
The instrument panel at the top of the picture shows the operator the engine 
conditions at the time of recording. 

Fig. 5a. Simple manually operated bridge for steady stress measurement. 

1: Balancing resis dj d to give an initial zero reading, R, and R,: Equal 
ratio arms. The slide wire has a scale calibrated in percentage change of 
resistance relative to R, and R.: Changes in the strain gauge resistance may 

thus be measured. 


Fig. 6. A strain gauge steady stress bridge operating on the principle of Fig. 5a 
but with provision for 10 strain gauges. A sensitive galvanometer is built in. 
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(b) 


Fig. 5b. 
nent Changes of potential are amplified by the D.C. ampli- 
fier and recorded by the pen and chart recorder. 


apparatus has been developed to deal 
with this branch of stress measure- 
ment as well as true vibration 
measurement. 

Slowly varying stresses may be due 
to periodic deformation of large 
structures having low frequencies, 
such as building frameworks or 
bridges, or the variation may be of 
the type experienced in airframe 
structures in flight, due to a change 
of flying conditions; these examples 
are quoted merely to outline the re- 
quirements which may have to be met 
in practice, 

It is also of note that it is in this 
low frequency range that temperature 
compensation of strain gauges is 
necessary; the matter will be dealt 
with in some detail in a later article. 

The second range quoted above, 
i.@., 2-1,500 bs (120-90,000 c/min.) 
is the range which has probably, up 
to the present time, occupied the 
position of greatest importance in 
vibration measurement work. It is in 
this frequency range that vibrations 
excited by aircraft engines lie. 
Such vibrations were probably the 
first to be the subject of serious study, 
as they have long been associated 
with unpleasant physical sensation 
and mechanical failure; it is in this 
range that measurements of propeller 
vibration stresses lie, since few, if 
any, aircraft engines produce vibra- 
tion orders of serious magnitude out- 
side this range. 

The third range mentioned is of 
increasing importance at the present 
time as it covers the frequencies 
anticipated in the vibration of gas 
turbines. Vibration measurements in 
this field constitute a new branch of 
the subject and present many added 
problems to be overcome; initial work 
suggests that this range covers the 
more important frequencies. 


Analysis of Results 


It is not proposed to enter into any 
detailed description of analysis of 
oscillograms but to state the require- 


The bridge circuit of Fig. 5a with no calibrated variable 


ments that must be met to facilitate 
the reduction of data from vibration 
tests. 

Whenever possible multiple oscillo- 
graphs should be employed, enabling 
simultaneous records to be made from 
twelve or more test positions on the 
structure. 

This enables a comparison to be 
drawn between vibration conditions at 
various points on the structure with- 
out the risk of test conditions chang- 
ing; this may easily happen if single 
records are made in succession from 
separate strain gauges or vibrographs. 

If, as is often the case, the number 
of test positions exceeds the number 
of available oscillograph channels, 
then successive selections may be 
made retaining one test source as a 
‘‘ master’? and recording it in com- 
bination with the other sources. This 
enables a check to be kept of operat- 
ing conditions and any changes may 
be noted and the appropriate action 
taken. 

Regarding the nature of the oscillo 
graph records, these should embody 
a time standard marking of some 
kind, and if the records are of vibra- 
tions in rotating parts (or in parts of 
a machine embodying rotational mem- 
bers) it is frequently of use to have a 
revolution marking device in addition 
to the time marker. The time mark- 
ing is commonly obtained from the 
A.C. mains supply, which is usually 
accurate enough for engineering 
standards, while the revolution 
marker may conveniently be an 
electro-magnetic device operated by 
the passage of a small soft iron arma- 
ture mounted on a rotating part past 
a ‘pick-up’? coil mounted at a 
stationary point, The output from 
the coil will contain a pulse once 
per revolution when the machine is 
operating, and this signal may be fed 
to the oscillograph via an amplifier. 

A method of time marking to be 
employed in the future, and one 
which has shown promising experi- 
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Bridge fed with A.C. at suitable voltage, capacity 
balance being provided by C if y- The bal voltag 
are alternating and are registered by the A.C. amplifier and 





oscillograph. 


mental results, is the use of a gas- 
discharge lamp to provide the flash- 
ing source, 

Both 12 and 16-channel amplifier 
and oscillograph combinations have 
been operated on propeller and 
engine vibration recording work with 
complete success, 

The identification of records is 
facilitated by the inclusion of a serial 
number which is photographed on to 
the commencement of each record. 
The counter which provides this num- 
ber is operated automatically. 

The analysis of records produced on 
these oscillographs is carried out far 
more easily than with the earlier 2-4 
and 6 channel units, though these still 
find some use where test requirements 
are less exacting or where space is 
severely limited. A typical 12-element 
oscillograph record is shown in Fig. 3; 
Fig. 4 shows a part-view of the 
apparatus used to produce it. 


Basic Design of Apparatus 


Apparatus for use in the zero and 
low frequency range divides into two 
classes; one, for manual operation 
and for steady stresses only, providing 
no permanent records of results, the 
other including apparatus for auto- 
matic operation and providing per- 
manent records. 

Apparatus for measuring steady 
stresses is almost invariably based on 
the Wheatstone bridge principle, 
elaborations being concerned mainly 
with the provision for making accurate 
observations of small changes of 
resistance, since the changes encoun- 
tered with strain gauges are seldom 
more than 2 per cent. of the un- 
strained resistance value. ' 

When it is not possible to use 
manually operated steady _ stress 
apparatus, or where slowly varying 
stresses are to-be investigated, the 
apparatus must be in the form of an 
oscillograph capable of recording 
zero-frequency signals, 

One possible: method is to employ a 
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Fig. 7. Schematic view of the method of recording alternating stresses from propeller 


blades. This method is employed in the apparatus shown 
records of the type shown in Fig. 3. 


in Fig 4, and produces 
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’ 
bridge circuit with the strain gauge 
as one “‘ arm ”’ and to feed the outpui} 
voltage into a D.c. amplifier; the D.c, 
amplifier may be used to operate a) 
pen-type low frequency recorder, or, 
a cathode-ray oscillograph may bel 
used. 

A method which is, in most cases 
simpler, and has given very satisfac. 
tory results in practice, is to feed th 
strain gauge bridge circuit with 
alternating current of a fairly high 
frequency, say, 400 c/s. (to obtain 
initial. balance of the bridge capacity 
balancing may be necessary in addition 
to resistance balance), The outpuy® 
from the bridge will be a_ small 
alternating voltage when the strain 
gauge changes its resistance; this 
signal, amplified, will provide record: 
on a standard A.C. recording oscillo. 
graph, the complication of a D.c 
amplifier being avoided. This is « 
particular advantage with multiple 
equipment, as a multi-channel D.C. 
amplifier is generally more bulky and 
possibly less stable than the A.c 
counterpart; at its best a D.c. ampli 
fier is seldom an engineering tool. 

The principal methods of measuring 
stresses in the low frequency range 
are thus: 

(i) The Wheatstone’s bridge, or 4 
suitable variant, 

(ii) A bridge circuit feeding a ne 
amplifier and pen recorder. 

(iii) An A.c. bridge circuit employ; 
ing a recording oscillograph as the 
stress indicator. 

Fig. 5 shows the methods in 
schematic form, while Fig. 6 shows ‘ 
typical 1o-circuit stress bridge of the 
type (i). 

For the second (mid-frequency, 
range from 2 c/s, to 1,500 ¢/S. 
(120-90,000 c/min.), the signal from 
the strain gauge bridge is ar 
alternating one requiring A.C. ampli- 
fier practice. It is in this range also 
that vibrographs of the generator 
type are employed; since these instrv- 
ments operate as dation 
velocity type vibration pick-ups, 
in which the mass is a magnet moving 
within the turns of a pick-up coil, 
their output is proportional to the 
velocity of the vibration; an electric 
integrating network must be used te 
give an amplifier input from such ° 
device which is proportional to dis: 
placement. 

The amplifier used to provide < 
measureable signal from strain gaug¢ 
circuits operating in this range mus! 
comply with the following require 
ments :— 


(Continued on p. 76) i 
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The “Synchrodyne ”’ 


A New Type of Radio Receiver for A.M. Signals t 
By D. G. TUCKER, Ph.D., A.M.I.E.E.* 


RADIO receiver is generally 
Az either superheterodyne or 
“straight ’’? type, and in any 

case effects demodulation of the in- 
coming modulated carrier-wave signal 
by a process of rectification. Selec- 
tivity, or discrimination against un- 
wanted signals, is obtained by means 
of tuned circuits or band-pass filters 
inserted in either the radio-frequency 
or intermediate-frequency sections of 
the receiver. It is essential to effect 
the discrimination before demodula- 
tion, since otherwise all signals are 
equally demodulated, and the modula- 
tion-frequency output signals become 
entirely unseparable. It is generally 
quite difficult to design the selective 
circuits to give a good discrimination 
against unwanted signals, while at 
the same time producing negligible 
distortion of the wanted signal. Thus 
selectivity and quality are mutually 
incompatible requirements of design. 
This difficulty can be overcome, and 

a considerable simplification of circuit 
detail effected, by a process of de- 
modulation whereby the incoming 





* P.O. Research Station. 
t Prov. Patent. 
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signal is, without any filtration, de- 
modulated, not by rectification, but by 
modulation with a frequency equal to 
its own carrier frequency. The modu- 
lation-frequency output of the wanted 
signal is then cbtained correctly, but 
all other signals become high fre- 
quencies relative to the modulation 
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frequency, and can be-separated as 
far as desired by a low-pass filter in 
the output circuit. A low-pass filter 
is easily designed to give a very much 
better pass-band response than a band- 
pass filter for a given bandwidth and 
discrimination.’ Quality reception is 
now, therefore, quite consistent with 
high discrimination. 

To obtain the frequency for de- 
modulation, which must be the same 
as the carrier frequency of the wanted 
signal, it is not possible to use a free 
oscillator. Any difference between the 
two frequencies shows up as a beat in 
the output signal, which is generally 
intolerable. The method of obtaining 
the correct frequency is to syn- 
chronise’ the demodulating oscillator 
to the incoming carrier by injecting 
some or all of the received signal 
voltage into the oscillator circuit. 
Providing the voltage relationships in 
the circuit are correct in relation to 
the circuit parameters, the output of 
the oscillator will be a relatively pure 
* ThisTpoint is a function of the dissipation in the 

filter components. The manner in which dissipation 
affects the response of low-pass and band-pass 
filters of Zobel type is discussed fairly fully in 
the author’s paper, “ Insertion Loss of Filters,” 

Wireless Engineer, 22, p. 62-71, (1945). 

* For the general theory of synchronization, see 
(a) D. A ucker, ‘“ The Synchronization of 
Oscillators,” Electronic Engineering, 15, pp, 412 
and 457; 16, pp. 26 and 114, 1943. (b) D. G. 
Tucker, ‘‘ Forced Oscillations in Oscillator Circuits 


and the Synchronization of Oscillators,” J. Inst. 
Elect. Enguneers, 92, Part III, p. 226, (1945). 
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tone of frequency equal to that of the 
carrier, with the sideband and other 
frequencies substantially suppressed. 
This property of the synchronised 
oscillator may be described as ampli- 
tude discrimination in the nonlinear 
regenerative circuit, since all fre- 
quency components of lower level 
than the wanted carrier are automati- 
cally suppressed by a considerable 
amount, 30 db. suppression being 
readily achieved. A full analysis and 
discussion of this effect is given in 
another paper.’ In addition to the 
amplitude discrimination due to non- 
linearity, which is independent of the 
frequency of the various signal com- 
ponents, there is also, of course, the 
frequency discrimination due to the 
tuned regeneration in the oscillator,“ 
and this is very effective in regard to 
unwanted signals other than the side- 
bands of the wanted carrier. It is 
important that this frequency dis- 
crimination should be sufficient to re- 
duce all unwanted signals to a level 
below that of the wanted carrier, since 
otherwise the powerful amplitude dis- 
crimination effect cannot be utilised. 
If the unwanted signals are two strong 
for this, then additional filtration 
can be provided in the synchronising 
path before the injection into the 
oscillator circuit is effected. No re- 
striction of frequency band in this 
path has any effect on the quality of 
the output signal. 

A block schematic of a_ typical 
arrangement is shown in Fig. 1. 
This is mainly self-explanatory, and 
is in accordance with the account pre- 
viously given above. Two additional 
features are shown, however, viz. : 


(1) Very broad-band tuning may be 
applied to the input, if required, and 
gauged to the oscillator tuning con- 
trol. This will have negligible effect 
on the quality of the demodulated 
signal, but will prevent strong 
stations elsewhere in the frequency 
spectrum from overloading the re- 
ceiver and thus becoming demodulated 
by rectification. 

(2) A.v.c. may be applied, if 
desired, by the utilisation of the D.c. 
component in the output of the de- 
modulator; this component has an 
amplitude proportional to that of the 
carrier of the input signal. 


*D. G. Tucker, ‘“ Amplitude Discrimination in 
Nonlinear Regenerative Circuits,” Wireless Engineer 
(to be published soon). 


* D. G. Tucker, “‘ The Synchronization of Oscillators. 
Part IV: The Discrimination of a Synchronized 
Oscillator inst Unwanted yo mixed with 
the Control Tone.” Electronic Engineering, 16, p. 
114, (1948). 
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The principle has been adequately 
tested in practice. A typical test 
which demonstrates the effectiveness 
of the method was as follows.— 


The B.B.C. Home Service at 877 
kc/s, was received at a level of about 
0.07 V at the input. A signal 
generator was set at 867 kc/s, with a 
30 per cent. modulation at 400 Cc/s., 
and adjusted to roughly the same 
level, and also applied to the input of 
the receiver. When the oscillator was 
tuned approximately to 877 kc/s,, with 
sufficient injected signal to give a 
synchronised frequency range of about 
0.2 per cent, (z.e., about 1 to 2 kc/s.), 
the broadcast programme was heard 
with the 400 c/s. tone from the signal 
generator about 50 or 60 db below the 
programme level—.e., almost imper- 
ceptible. When the oscillator was 
tuned to about 867 kc/s., the 400 c/s. 
tone was heard with the programme 
just about imperceptible; when the 
modulation was removed from the 
signal generator, so that silence should 
be obtained in the receiver output, the 
broadcast programme was just per- 
ceptible. ‘Lhe circuit used in this test 
was as shown in Fig. 2; it was more or 
less the simplest possible. 

The operation of the circuit by the 
user is very simple. The oscillator 
tuning control is adjusted until the 
programme is obtained at a suitable 
volume. The volume of the output 
depends on the actual working point 
in the synchronising frequency range, 
being a maximum when the tuning is 
set in the middle of this range. When 
the oscillator is mistuned, a powerful 
beat note is heard, which makes listen- 
ing completely impossible; when the 
oscillator is tuned to amy point in the 
synchronising range, the programme 
quality is equal to the best obtainable, 
only the volume being affected. The 
receiver is thus either correctly tuned 
or not tuned at all; distorted output 
is impossible. This is an immense 
advantage over ordinary receivers, 
where mistuning for control of volume 
is commonly met, with its associated 
frequency response distortion. 


The author wishes to acknowledge 
the useful suggestions made by 
Messrs. W. H. B. Cooper, E. R. 
Hoare, J. F. Ridgeway and F. Scowen 
in connexion with the development of 
the new method ; most of these sugges- 
tions have been incorporated in the 
above account. 
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Vibration Measurement 
Laboratory 
(Continued from p. 73) 

(i) Frequency response to be uni- 
form over the whole frequency range. 

(ii) Phase shift must be negligible 
over the same range. 

(iii) Sufficient gain to enable an in- 
put signal of 2 mV to provide an 
output sufficient to load fully the 
galvanometer element employed in the 
recording oscillograph. 

(iv) An extremely low hum level 
under all conditions. 

(v) The lowest possible value of 
harmonic distortion, 

(vi) Stability. 

(vii) Fairly modest power require 
ments, 

An amplifier has been developed 
which satisfies these conditions and is 
also extremely compact, It includes 
an integrating network which can be 
switched out of circuit when strain 
gauges are being used as the record- 
ing source, 

A ladder-type input attenuator is 
included to limit the input voltage in 
order that a damaging output power 
may not be applied to the galvano- 
meter in the oscillograph. 

The signal may be monitored by the 
operator on a 14 in, cathode-ray tube 
whose Y-plates are fed from the 
anodes of the last voltage amplifying 
stage. 

These amplifiers are employed in 
conjunction with a 12 or 16-element 
recording oscillograph having moving 
coil and mirror type galvanometer 
units. A light source is reflected as 
a small spot on the recording paper 
from each galvanometer, while a 
similar light is interrupted by a 
synchronous shutter device to give a 
50 c/s, timing mark. When used for 
propeller vibration recording the 
arrangement is as shown in Fig. 7. 
A record from a practical test appli- 
cation of this type is in Fig. 3. 

In the high frequency range the 
galvanometer type recording oscillo- 
graph cannot be used owing to its 
limited high frequency response. 

An oscillograph has been developed 
using six cathode-ray tubes arranged 
so that a continuous-motion camera 
can obtain a satisfactory simultaneous 
record at film speeds up to 9g ft. per 
second, 

Amplifiers having the necessary ex- 
tended frequency range have also 
been developed and the apparatus has 
been used successfully for strain gauge 
measurements on gas turbine parts. 
An external view of the amplifier and 
camera assembly is shown in Fig. 8; 
a record taken with this apparatus in 
Fig. 9. Part 2 will appear next month. 
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circuit-under-test it is desirable to 
keep. power levels low. For this 
reason the output from the sending 
unit should be limited to about two 
volts when applied to circuits with a 
characteristic impedance of 600 ohms. 


General Description 


The instrument to be described is 
entirely electronic and a trial model 
has been constructed to comply with 
the following specification : 

Frequency : 

Range, 0.1 to 11 c/s. in 0.1. C/s. 
steps. 

Accuracy, + 3 per cent. over the 
entire range. 

Loss: 

Range, o. to 12 db. 
Accuracy, not less than + 0.5 db. 


Phase: 
Shift, 0° to 360°. 


° 


Accuracy, + 5°. 


Sending impedance : 
Not greater than 300 ohms. 


Receiving impedance : 
300 + 300 ohm +1 per cent. 


Balanced and unbalanced trans- 
mission circuits may be tested. 


Balanced circuits may be checked 
for symmetry. 


Gain of a transmission circuit 
may be measured with the addition 
of an external attenuator. 


A block schematic diagram is given 
in Fig. 1. An oscillator with adjust- 
able frequency has a three-phase out- 
put which is taken through a resis- 
tance network to a balanced variable 
attenuator which provides an _ jin- 


phase and an anti-phase voltage, 
together with a neutral point. These 
are connected to three similar 


cathode follower stages, which pro- 
vide low impedance sources for the 
SEND terminals, A, E and B. A 
cathode-ray tube is used as an indi- 
cator for phase shift and _ loss 
measurements, in both cases the beam 
is deflected to produce a circular 
trace of the same periodicity as the 
oscillator frequency. Three-phase 
electro-magnetic deflection is used, 
each coil being supplied by a 
separate amplifier. For phase-shift 
measurements the output of the oscil- 
lator is connected to the input of the 
defiection}amplifiers; this produces a 
circular timebase close to a rotatable 
scale whi¢h is calibrated in degrees 
and mounted near the periphery of 
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the cathode ray tube screen. The 
beam is normally suppressed and is 
only released over a small arc while 
the voltage at the input to the phase 
indicater unit is passing through 
zero. For loss measurements the 
single phase voltage appearing at the 
input to the amplitude indicator unit 
is converted into three phase and 
then fed to the deflection amplifiers. 
The circular trace produced has a 
radius proportional to the input volt- 
age. The receiving circuits may be 
connected between either the A and 
E terminals or the B and E terminals. 
The procedure for carrying out a 
test on a circuit connected between 
the SEND and RECEIVE terminals is 
illustrated by Figure 2. The steps 
taken are as follows: 


(A) With the attenuator set to 
o db., the indicator units connected to 
the SEND terminals and the deflection 
amplifiers connected to the output of 
the amplitude indicator, the AMPLI- 
TUDE control is adjusted until the 
trace is coincident with a datum circle 
engraved on a window mounted close 
to the cathode ray tube screen. 


(B) The deflection amplifiers are 
fed from the output of the oscillator 
unit. The indicator units are con- 
nected to the SEND terminals and the 
output of the “ flasher ’”’ to the grid 
of the cathode-ray tube. A small 
patch of the circular trace will be 
brightened as the alternating voltage 
passes from a small positive to a small 
negative value. The phase scale is 
rotated until the zero mark is coinci- 
dent with the onset of the flash. 


(C) With the indicator units con- 
nected to the RECEIVE terminals and 
the deflection amplifiers connected to 
the output of the amplitude indicator, 
the attenuator is adjusted for the 
trace to be coincident with the datum 
circle. The attenuator is calibrated 
in db. and now indicates the loss of 
the circuit connected between the 
SEND and RECEIVE terminals. 


(D) The deflection amplifiers are 
again fed from the output of the os- 
cillator unit. The indicator units are 
connected to the RECEIVE terminals 
and the output of the ‘‘ flasher ’’ to 
the grid of the cathode ray tube. The 
position of the bright patch against 
the phase scale indicates the phase 
shift through the circuit-under-test. 


In order to check balanced circuits 
for symmetry and to facilitate tests 
on unbalanced circuits, the trans- 
mission measurements for the A and 
B lines are made separately. In the 
case of a balanced circuit, a balanced 
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source and load is applied during both 
the A and B line tests. 


Principles 


Method- of Measurement.—This is 
illustrated in Figure 2. The advan- 
tages are as follows :— 


(A) The loss is measured by com- 
parison with a calibrated attenuator. 
The indicator acts only as a com- 
parison device. 


(B) Phase is indicated at one level. 
This is. desirable as the phase indica- 
tion is slightly affected by changes 
in amplitude. 

(C) For a given maximum sensi- 
tivity of the amplitude indicator, the 
circuit-under-test is operated with the 
lowest input level. This minimises 
the production of harmonics due to 
non-linearity of this circuit. 


(D) The attenuator is also avail- 
able for providing various output 
levels. 

(E) Only one reference mark is re- 
quired on the amplitude indicator. 
Amblitude Indication.—At frequen- 
cies below 1 c/s this cannot be ob- 
tained by conventional methods. 
Normal A.C. meters fluctuate at the 
input frequency or twice the input 
frequency. 


The peak valve voltmeter can give 
an almost steady reading at the ex- 
pense of sluggish indication. As it 
is required to make measurements 
with an accuracy of o.5 db, voltage 
changes of 6 per cent. must be clearly 
appreciated. At the lowest frequency 
of 1/10 c/s. the time constant of the 
smoothing circuit of the valve volt- 
meter must be sufficiently large to 
prevent voltage fluctuations greater 
than 2 per cent. With a full wave 
rectifier this would require a time 
constant of 250 seconds and would 
waste much time in making ampli- 
tude adjustments. 


If an in-phase and a quadrature 
component of identical amplitude are 
available, the sum of their squares 
will be non-fluctuating and equal. to 
the square of the,peak amplitude. 
The author has successfully used this 
method, employing valves as square 
law devices. Alternatively, two 
electro-dynamometers coupled to one 
pointer should give satisfactory re- 
sults. This has not been tried as the 
device would be too insensitive for 
most purposes. 


A method with similar funda- 
mentals, which has proved very satis- 
factory, uses a cathode ray tube with 
a circular trace of radius proportional 
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(a) SET AMPLITUDE 
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(b) SET PHASE 









































-. 


























(c) SET LOSS 
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SI is not shown in its true position. Z is the load impedance. 





to the amplitude of the applied volt- 


The circular trace is 
three-phase 


age. 
by a 


system and the method of 
Cc 


electro-magnetic 


the three-phase voltages for the de- 
flection amplifiers is shown schematic- 
ally in Figure 3(a). In order to esti- 
mate the advantage of this system 


produced 


obtaining 


over one employing smoothing cir- 
cuits it is necessary to consider the 
time taken for the spot to settle down 
to its steady-state-circular-deflection 
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f 
“after a change of amplitude has been itis obt: 
made. For convenience, the ampli- com 
tude will be suddenly changed from . = ae circ 
zero to a finite value; this corre- . = eae ES c volt 
sponds to the closing of the switch in +—{ +— onl 
Figure 3(a). The first terms are the a it i 
steady state alternating components -_ — whi 
required to produce a circular deflec- aoe! | — onl 
tion. The other terms are the trans- ae 6 (a) the 
ient components which will deflect rR R ‘ is 
the spot from its true circular path. E.sin(at+<) 2 ee The 
The values for a giving the minimum = ee: : red 
and maximum transient components o~ > +--+ duc 
are 30° and 120°, respectively. mS Si i maar diti 
Figure 3(b) shows graphs of the per- ane Saalunen shed”) ae amy 
centage off-true-radius error plotted “FRE. cos(oc +240°).EF" ~ BE cose +1207. 9 lar 
against time expressed as a part of + 2f5.E.cos(e +240°).(1-"F).€F T 
engeped -sooaacleny PB eel - Fig. 3. Transient conditions for the amplitude indicator. elec 
1/10 c/s. the worst condition brought (a) Simplified circuit to produce three phase voltages from a single phase input. The expressions tube 
‘ ° give the conditions at the output points, t seconds after closing the switch S. gloy 
about by a sudden increase of ampli- E Peak voltage applied shor 
tude would settle down to a negligible ” 2a f. hee bs tics 
error within 7 seconds. In practice, So aes wee ucaeey ets 
when an adjustment is being made C.K. Time constant ~ T/!! 0 
there is seldom more than ah effective o Phase angle of applied voltage at t = o. a 
change of E/1o, and the indication af : 
appears almost instantaneous to the . os 
operator, who can appreciate when (b) Graph —— the percentage error of indication against parts of the period of oscillation. satis 
oir is the steady radius of the trace Rt is the transient radial deflection tivit 
the circuit is steady. Curvel cc = 30 with 
Phase Indication.—A reference cir- eens aii Ac 
cular deflection is provided by the char 
three-phase output of the oscillator 100.R, ae 
unit. The phase indicator unit must ~*~ } AMPI 
provide a positive pulse for releasing | but 
the beam of the cathode-ray tube at | com: 
a specific point of the cycle of an unde 
alternating voltage applied to the atter 
input. This pulse should occupy Witl 
about 1/soth of the period of oscilla- tiong 
tion. The most easily identified value 300 iG the ; 
of a sinusoidal variation is zero, be e 
where the rate of change is a maxi- is us 
mum. As the indication must be will 
satisfactory for a frequency ratio of error 
100 to 1, some attempt must be made will 
to maintain the duration of the (b) flect« 
brightening pulse inversely propor- intro 
tional to frequency. . 200 A sit 
These essentials can most easily be adeq 
provided by a high-speed polarised ( use | 
relay arranged to cause a voltage the e 
pulse while the tongue is in transit. ) of tl 
The Type 299 telegraph relay fi elect 
is suitable. It has six coils the | 
which can be arranged as a os, 
centre tapped 950 ohm _ winding, pop Co: 
and the tongue will change from one - of 
contact to the other with a reversal there 
of 1/5 mA through this winding. At _— oscill 
frequencies above 5 c/s. the inertia \ put i 
of the tongue causes the transit’ time Ee 8 ; vidin 
to be extended with a consequential >——— } and 1 
~—-—¢nerease—in--the duration -of —-the rs duces 
1 ° 


brightening pulse, but this introduces 
no additional error. ‘he sensitivity 
of the relay is increased by a com ims m2 
- differential. amplifier in order to 1k Te = 
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obtain reliable operation. with the 
comparatively small output from the 
circuit-under-test. As an alternating 
voltage has two zeros per cycle, and 
only one pulse per cycle is required, 
it is necessary to introduce a circuit 
which will provide a positive pulse 
only when the tongue changes from 
the mark to the space contact. This 
is described in detail later. 
The accuracy of indication will be 
reduced if the circuit-under-test pro- 
duces large harmonics. Such a con- 
dition will be apparent when making 
amplitude measurements, as a circu- 
lar trace will not be produced. 

The Display Unit.—A single beam 
electrostatically focused cathode-ray 
tube with a screen having long after- 
glow characteristics and a diameter of 
about 5 in. is ideal. Owing to 
factors other than design require- 
ments, a Cossor type og] tube was 
used in this experimental model, it 
is a double beam tube with a short 
afterglow screen. The results are 
satisfactory. The deflection sensi- 
tivity of a cathode-ray tube increases 
with a reduction in anode voltages. 
A change in sensitivity will cause a 
change in radius of the circular trace. 
If the variation occurs after the 
AMPLITUDE control has been adjusted, 
but before the attenuator is set to 
compensate for the loss of the circuit- 
under-test, it will result in the 
attenuator being incorrectly _ set. 
With electrostatic deflection the frac- 
tional change in supply voltage and 
the fractional deflection errors would 
be equal. Electromagnetic deflection 
is used, as a change in supply voltage 
will cause approximately half the 
error in deflection. As the frequency 
will be less than 11 c/s., large de- 
flector coils can be used without 
introducing attenuation distortion. 
A single stage of amplification gives 
adequate sensitivity. Excluding the 
use of shift fields for compensating 
the effect of the steady anode currents 
of the valve amplifiers, three phase 
electromagnetic deflection requires 
the least number of valves for avoid- 
ing the effect of the D.c. component. 


Compared with the usual practice 
of space-quadrature-deflection-fields 
there are two further advantages. An 
oscillator giving a three phase out- 
put is more convenient than one pro- 
viding balanced quadrature. voltages 
and the presence of harmonics intro- 
duces less error in the required 
circular deflection. 


The technical description of the apparatus will be 
given in next month's issue. 
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Valve and Circuit Noise in High Gain Amplifiers 


Factors Affecting the Choice of Valve for Input Stage 


By H. W. SHIPTON* 
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HE importance of maintaining 
TY": high signal noise ratio in the 

input stages of amplifiers for 
electro-biology and similar applica- 
tions has been stressed by all workers 
in this field. A number of special 
circuits have been described’ which 
give a high degree of discrimination 
against unwanted extraneous signals 
but careful design is necessary if the 
hum and noise developed in the stage 
itself are to be kept to reasonable 
proportions. The methods by which 
a low level of circuit noise is achieved 
are too well known to merit repetition 
here, and it is sufficient merely to re- 
emphasise the importance of careful 
selection of such components as 
batteries, switches, resistors and other 
components. The factors influencing 
the choice of component values, valve 
types and operating conditions are 
more varied and it is hoped that the 
following observations, made during 
the design of a high gain E.E.G. 
amplifier, will be of service to those 
who contemplate the construction of 
this type of equipment, 


* Burden Neurological Institute, Bristol. 





Curves showing variation of characteristics with heater voltage in triode. 


Choice of Suitable Valve Types 


Triode valves are almost uni- 
versally used in the input stage and 
the voltage gain is usually restricted 
to about 15 or 20. The valve chosen 
should have as many of the following 
desiderata as possible. 

(a) A high value of gm, 

(b) A ‘* clean ”? electrode assembly 
with adequate means of preventing 
undue rise in grid and _ anode 
temperatures. 

(c) Low heater wattage and a sub- 
stantially non-inductive heater. 

(d) Freedom from microphony. 


Typically, the Mazda V.312 has 
been found very suitable for most 
biological work, although it is usually 
necessary to select individual speci- 
mens from a batch if the noise level 
is to be kept low under stringent 
cenditions. It should be noted that 
the so-called ‘‘ white ’’ noise tends 
to diminish after a running-in period 
and much labour can be avoided if 
the heaters of new valves are allowed 
to run at their normal temperature. 
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for a period of, say, 24 hours before 
selection tests are made,  Experi- 
ments have been made on valves 
which were initially designed as 
V.H.F, oscillators (¢.e., the V.R. 137, 
etc.) and, while they perform excep- 
tionally well in most respects, they 
are microphonic under conditions of 
low anode and grid dissipation and 
very elaborate anti-vibration mount- 
ings must be used if they are to per- 
form satisfactorily. 


Operating Conditions 


The conditions under which input 
valves should operate are the subject 
of some controversy. Dawson? has 
suggested that anode currents of the 
order of 100 #A should be used, and 
it would seem that provided gain is 
not unduly sacrificed by so doing, 
lowering the anode current wil] result 
in a worthwhile reduction in spon- 
taneous noise voltages. Nelson® 
states that the apparent noise level 
will be inversely proportional to 
gm/,/J. and experimentally this has 
been found to be true. He also 
suggests that shot effect is more pro- 
nounced when the negative grid bias 
is greater than the usual value. 
Many workers consider that only D.c. 
should be used to heat the input 
stages and use either batteries or a 
rectified mains supply as a source of 
L.T. Experience has shown, how- 
ever, that for most purposes the in- 
convenience which this entails is not 
justified. Provided that al] heater 
leads are effectively screened and run 
as far away as possible from grid 
leads (valves having top grid caps 
facilitate a suitable layout) and that 
electrostatic screening is employed 
in the mains transformer, raw A.C. 
can safely be used as a heater supply. 
A separate secondary winding should 
be used for each amplifier channel to 
facilitate balancing. Reference to 
Fig. 1 will show that it is desirable to 
use less than the rated value of 
heater voltage. The heater current 
should be sufficient to cause a super- 
fluity of electrons to be liberated from 
the cathode or shot effect is likely to 
be very pronounced ; in input stages, 
however, a space charge forms at 
quite a lew cathode temperature as 
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the anode current is small. Any sub- 
stantial increase in heater current 
will cause the cathode-anode electron 
stream to be modulated at mains 
frequency due to the increased E.M. 
effect, the lowering of the heater- 
cathode insulation resistance, or emis- 
sion from the heating element itself. 
A curve of the type of Fig, 1 should 
be plotted during the design of the 
stage in order that the permissible 
limits of heater voltage may be deter- 
mined. For a V. 312 under average 
anode current conditions 2.8 volts is 
a useful optimum, the heater current 
being then of the order of 500 mA. 

Any remaining modulation of the 
electron stream due to heater emis- 
sion can be eliminated by biasing the 
heater with respect to the cathode. 
Either positive or negative bias can 
be used as convenient. Biasing the 
heater by about 40V positive will 
effectively prevent any heater-cathode 
current, while a similar amount of 
negative voltage will cause the 
heater - cathode current to reach 
saturation and thus not be subject to 
modulation by the heater supply. It 
should be borne in mind in deciding 
the polarity of the heater bias that in 
amplifiers using a bias battery in 
series with the cathode resistor the 
cathode is some 70 V negative to 
ground when the equipment is 
switched off and an additional 40 V 
will impose a considerable strain on 
the cathode heater insulation if the 
heater is made positive. It is there- 
fore suggested that the centre point 
on the ‘‘ humdinger ”’ be returned to 
a suitable tapping on the cathode bias 
battery, 


Conclusion 


Careful selection of valves and 
components, coupled with experi- 
mental work to determine optimum 
circuit performance will result in an 
amplifier which will be free from the 
annoying ‘‘ artefacts ’’ which are so 
often due to self-generated input 
stage noise. 

2 Adrain and Matthews, Journ. Physiol, 81, PP. 286 
and 440, 1984, Parr and Walter, Jour. I.E.E., 90, 
129, e al. 

* Dawson G. D., Private Communication. 

* Nelson J. R., “‘ Noise in Vacuum Tubes,” Raytheon 
Product tion_Bulletin. No. 53. 
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Domestic De-Icing 


Although strictly not electronic, 
this application of radio components 
to the solution of present-day domestic 
troubles is sufficiently novel and 
timely to warrant space !—ED. 


Fool-proof anti-freeze measures can 
be applied to the average domestic 
water system at very low cost by 
using line cord—the voltage-dropping 
resistor cable commonly used with 
midget radio receivers. 


The best quality line cord, rated to 
carry 0.3 amps., is strapped on the 
underside of the water pipes with 
insulating tape, and the felt lagging 
replaced over the pipe. 


The resistance of the cord is 60 ohms 
per foot, and the current is limited 
to o.2 amps. or less in the interests of 
safety and long life. The voltage is 
obtained from the mains supply, any 
excess being dropped by a series 
capacitor (see Figure). 


LIne-CORD 


Te 
fl ge nye 














CIRCUIT= DOMESTIC DE-ICER 


Since the voltage across the capaci- 
tor is in quadrature with the voltage 
across the line cord, the value of the 
capacitor can be calculated as 
follows : 


Voltage required for 10 ft. of pipe: 
10 x 60 x 0.2 = 120 


Voltage to be dropped from 230 v. 
mains : 


V 230° — 120° = 196 v. 


Capacity in #F. 


10° x 1 
= ————— = 3.25 approx. 
27f. V. 


It is important that the capacitor 
conforms to the standard laid lown in 
B.S.I.  415—1941. The terminals 
should be suitably protected and it 
should be shunted by a resistor of 
I.o megohms., as shown. 


If it is desired to have an indication 
that the heat is on, a pilot lamp (0.3 a. 
dial light) is included in the circuit. 
The bulb also acts as a fuse, and no 
trouble has been experienced from 
surges on switching on. 


J. S. WORTHINGTON. 
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MARCONI INSTRUMENTS LTD 
Masters of Measurement 
in Communications 
can now supply thetr 


DISTORTION FACTOR 
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IMMEDIATE 


Evolved for investigating distortion in AF | Meticulous workmanship ensures accuracy and 
amplifiers, the instrument directly measures the | trouble-free performance. Full specifications 


total harmonic content of voltage wave forms. | available on request. 
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Northern Office: 30, ALBION STREET, HULL. Hull 16144 
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The Design of Tuned Transformers—Part | 
By F. G. CLIFFORD* 


Three methods of designing tuned transformers are discussed. These are (1) to transform the circuit until it has the same configuration 
as a ladder filter of which the design data is known ; (2).to evolve design data from a consideration of the impedances presented by one 
pair of terminals when the other pair is open-circuited and short-circuited and (3) to apply Bartlett’s Bisection Theorem and thereby find 
the equivalent symmetrical lattice network for which the design data may be found simply. Method (3) is a simplification of Method (2) 
but is applicable only to tuned transformers which are equivalent to a symmetrical T-or-z-section. Examples of the applications of these 
three methods are given. Design data and characteristics of a number of useful types of low-pass, high-pass and band-pass transformers 





I. Introduction 

F the various methods that have 
CO) tees employed in the past few 

years for the design of tuned 
transformers, three have proved par- 
ticularly useful and it is intended to 
describe and demonstrate these three 
methods. 

Certain types of tuned transformers 
may be designed with more than one 
pass band but only the conditions 
necessary for a single pass band will 
be considered in detail as this is the 
usual requirement. Resistive loads 
are assumed in the design and when 
in practice, additional reactive com- 
ponents exist in the terminations, it 
is frequently necessary to include 
them in the tuning system of the 
transformer. 

The design data and characteristics 
of a number of the most useful tuned 
transformers are given together with 
a reference number system which will 
be used throughout. 

2. Equivalent Networks 

When deriving the design data of 
tuned transformers it is sometimes 
necessary to use the equivalent net- 
works of the tuned transformer sys- 
tem. Probably the most simple 
method of deriving the equivalent 
ladder network is to evolve the equi- 
valent network of the untuned trans- 
former portion and add to this the 


network of tuning reactances. If the 
equivalent ladder network may be 
rcalised in symmetrical form, the 
equivalent lattice network may be 
derived by the use of Bartlett’s 
theorem.’ 

Consider the untuned transformer 


and the T-network in tandem with a 
theoretically ideal unity ratio trans- 
former shown in Figs (1) and (2). If 
the terminals ¢ and d in Fig. (1) and 
terminals m and w# in Fig. (2) aré 
closed with similar impedances and 
the impedances Z; and Z measured 
between terminals a and }, and x and 
y in Figs. (1) and (2) respectively, 
are identical at any frequency, the 
transformer and the T-network may 
be said to possess equivalent impe- 
dance characteristics. 





“* P.O. Research Station, Dollis Hill, 


are tabulated. 


If also, when terminals a and 4, and 
x and y in Figs. (1) and (2) are closed 
with any equal impedances and Z, 
and Zz, measured between terminals 
c and d, and m and 2 in Figs. (1) and 
(2) respectively, are identical at any 
frequency, the T-network may be 
said to be the equivalent network of 
the untuned transformer. 

When Zy, and Zy are respectively 
the self-inductances of the primary 
and secondary windings measured 
with the other winding open-circuited, 
and & is the co-efficient of coupling 
of the untuned transformer shown in 
Fig. 1, it can be shown’* that the 
T-network shown in Fig. 2 is the 
equivalent network of the transformer 
when :— 

Lo = 
Ly = 


Ly kVil, £3 
Lz k VL, Lp 
| eG SY Des ae 

When no electrical connexion is 
made between the primary and secon- 
dary windings of the transformer, 
either the upper or the lower signs in 
the above expressions may be used. 
When a connexion exists between one 
end of the primary winding and one 
end of the secondary winding, the 
ideal unity ratio transformer shown 
in Fig. 2 may be omitted and the 
lower signs in the expressions should 
be employed if the connexion places 
the windings in series opposition. If 
the connexion places the windings in 
series aiding, then the upper signs 
should be used. 

The transformer shown in Fig. 3 is 
operating between impedance A; and 
R, and an equivalent T-network is 
shown in Fig. 4. If the impedance 
ratio of the ideal transformer is 
altered from unity to the value 2’, 
then in order that the T-network may 
remain the equivalent network of the 
transfarmer, the values of its arms 
must be modified. It can be shown? 
that the values of the elements of the 
T-network are as shown in Fig. 5, 
when the impedance ratio of the ideal 
transformer is 2°. This is true for 
any value of x and this fact may be 
used to transform the T-network into 
an equivalent L-network if the value 
of x is so chosen that one of the series 


I+ I+ 


elements of the T-network shown in 
Fig. 5 is equal to zero. The value of 
vx for these conditions may be 
evaluated in the following manner :— 


— Vi, Zl, =0 
Es 


bet Z, 


R*Ly 


'_<* = 





BL B 
When v= 





La 
Equation 2, the value of the left hand 
series element of the T-network 
shown in Fig. 5 is zero andthe result- 
ing L-network is as shown in Fig. 6. 
From Equation (3), 
-B 


RL, 
the value of the right-hand series ele- 
ment of the T-network is zero and the 
equivalent L-network is as shown in 
Pie. 7, 

The T-network shown in Fig. 5 
may also be transformed into a sym- 
metrical T-network when the value of 
x is such that the values of both the 
series elements are equal. The 
value of x for this condition may be 
obtained from the following :— 


when es 





k Lz k 
Let L£y — — V2glp = ee — 
¥ x x 
Lx 
Viste RE aioe Mare gves (4) 
Ly 
Lz 
When v= 
Ly 


Equation 4, the resulting equivalent 
network is the symmetrical T shown 
in Fig. 8. It can be shown’ that this 
symmetrical T-network is equivalent 
to the symmetrical 7-network shown 
in Fig. 9. 

It should be noted that all the net- 
works in Figs. 4 to 9 are equivalent 
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to the untuned transformer shown in 
Fig. 3 and hence possess similar fre- 
quency-insertion loss characteristics. 


3. Methods of Design 


Of the methods which may be em- 
ployed to derive the design data of 
various types. of tuned transformers, 
three are in general use. It is pro- 
posed to describe these three methods 
and demonstrate their use by apply- 
ing each in turn to the design of a 
specific type of tuned transformer. 

Method 1 which is described in Sec- 
tion 3.1 employs the equivalent 
ladder filter network of the tuned 
transformer and utilises the design 
data of that filter network. 

Method 2 employs the fundamental 
method of filter network design which 
uses the open and short circuit im- 
pedances of the tuned transformer 
network. This method is described 
in Section 3.2. 

In Section 3.3 a description of 
Method 3 is given. In this method 
the equivalent lattice network of the 
tuned transformer is obtained by 
means of Bartlett’s Theorem and the 
design data for the lattice network is 
obtained in a manner similar to that 
used in Method 2. As explained in 
Section 3.3, Method 3 can only be 
used for certain types of tuned trans- 
formers. 

Methods 2 and 3 may often be 
simplified by the use of Foster’s 
‘Theorem and the use of this theorem 
is demonstrated in Section 3.4. 


3.1 Method | 

A large amount of information on 
the design of electric wave filters is 
now available and one method of 
evolving the design data of any 
tuned transformer into an equivalent 
electric wave filter section and use 
the design formulae appropriate to 
that filter section’. The notation. due 
to Shea’ will be employed in the 
following analysis. 

To demonstrate this method of de- 
sign, the design data of a tuned trans- 
former of the type which comprises 
two mutually coupled inductors with 
a Capacitance connected in parallel 
with each winding* will now be 
evolved.. This type has been desig- 
nated Type 2A in this article, and is 
shown operating between two resis- 


_tive terminals 7; and A2:in Fig. 10. 


The most suitable equivalent network 
for use in this case is based on that 
shown in Fig, 9 and the full equiva- 
lent network of this tuned trans- 
former, Fig. 10, is shown in Fig. 11. 
When the condenser Cy and the load 
resistance A. are moved to the other 


D 
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-ide of the ideal transformer and the 
deal transformer is removed, the net- 
work shown in Fig. 12 is obtained. 
This is a band-pass 7-section filter 
type III,’, operating between the re- 

RL 
sistive loads A; and ——. 

Ly 
is shown in symbolic form in Fig. 13 
and since mid-shunt termination is 
employed :— 


This filter 


(12) 
iL, =Lly —— 
h 
(1 + k) 
Lr, = L, —— 
Gig Se ee ite as (5) 


The design data for this filter sec- 
tion? is as follows :— 


R, 
La eee ee 
T(fi + fe) 
(f2 A)R: 
4ufy 
I 
C2 = : $5) 


T(fe —fs)Ri 

where f: and fz are the lower and 
upper frequency limits of free trans- 
mission, 7.e., the cut-off frequencies. 
‘This type of filter is a symmetrical 
7-section and in order that the net- 
work shown in Fig, 12. shall be 
equivalent to this filter section the 
two resistive terminations #,; and 
RL 4 

—— and also the two capacitances C4 


Ly 





Cylp 
and ——-— must be equal in value. 
Ly 
R, bx . CR 
ie ea iy a (7) 
R: Ly Cy 
By rearranging Equations (5), (6) 
and (7) the design data for the tuned 
transformer may be obtained :— 











fr + fe? 
ai nena en 
Saf fC 
fe + fe 
Ly — i Ee 
BTA feC 1 
1 
Cc, = ——_— — 
27 (fe fi)R: 
I 
27 (fe fi)Re : 
f: i+k 
~ =,{— ® 
hs c—? 


The appropriate design data for 
any tuned transformer may _ be 
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derived by the application of this 
method. In the particular case 
demonstrated, the equivalent 7-net- 
work of the form shown in Fig. 9 is 
used, but when deriving the design 
data of other types of tuned trans- 
formers it may be adyantageous to 
use the equivalent L- 6r ‘T-networks 
of the forms shown in Figs. 6, 7 and 
8. 

Method 1 may be employed with- 
out difficulty when the equivalent 
ladder filter section is simple and the 
design data of the filter section is 
known. When the design data of the 
complete equivalent section is, not 
known (for example, in certain cases 
when the equivalent filter section 
comprises two or more types of simple 
filter sections in tandem), it is neces- 
sary to derive the design data for the 
complete filter section.’ This com- 
plicates the use of Method 1, and 
Method 2 or 3 may then be employed 
with advantage. 

3.2 Method 2 

This may be called the open and 
short-circuit method. It may be used 
to obtain the design data for any type 
of tuned transformer and has the ad- 
vantage over Method 1 that it is not 
necessary to know the design 
formulae applicable to certain types 
of ladder filter sections. 

In any network the image im- 
pedance at any one frequency may 
be calculated from a knowledge of 
the impedance presented by the net- 
work when the far end is open- 
circuited and short circuited :— 

Pe TN SO a oe ee (9) 
where Z, is the image impedance and 
Zuce aNd Zse are the open and short- 
circuit impedances respectively. If 
all the elements in the network are 
pure reactances, then Zo. and Zy, 
must also be pure reactances. Wher 
Zoe and Zee have the same sign, 7.e., 
both are capacitive or inductive, 7. 
is a pure reactance, but when Z,. and 
Zs. have opposite signs, 7, is a pure 
resistance. 

It has been shown by many authors 
(e.g., Shea‘) that when Z, is a reac- 
tance the network will not transmit 
power without attenuation, but whem 
Z. is a resistance it will introduce no 
attenuation if correctly terminated. 
The frequency bands over which Z, 
is a pure reactance and a pure resist- 
ance are said to be stop bands and 
pass bands respectively. 

A transformer, complete with tun- 
ing reactances, may be treated in this 
manner and from a knowledge of the 
open and_ short-circuit impedances, 
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the design data may be derived’. By ing to o, and « and two stop bands 
way of additional explanation, will appear, one below »; and one 
Method 2 will now be used to derive above w, The relative positions of 
the design data for a typical type of the open and short-circuit impedance- 
tuned transformer. , frequency characteristics will now be 
Consider the _ tuned transformer 4. shown in Fig. 16, and at the fre- 
type 2.C, shown an Fig. 14 operating quency corresponding to #:, Ziwe will 
between two resistances A; and R:2. ca; tatitin ee i, WE ee) were 
The impedance presented to the re- "© ' ee ene 5 Dhoaiy 
sistance R, when the value of the re- Value. From Equations (10) and 
sistance R: is alternately infinite Z. (11) :— 
ne peeeag ig MS << ee aan nae e tocar ney 
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Therefore in this case 1, 0 = ©’, 
and from Equations (17) and (18) :— 


Yn = ———_—— PAE Ee (19) 
LaCa(i — &") 

From Equations (13) and (1g) it 
will be seen that is equal to m. 

The image impedance 7., may be 
obtained from Equations (10), (11) and 
(14); SINE@ Loy =~ V Zise Zine — 

* dad 28 ... (20) 


wLsCa(z2 — &) sdiictea ar - BY 





ave = 





1 ~ O(L4Cy + LyCy) +L aL Can (1 k*) yee i, 
3] ——_—_- -_—__——_ iectebmentueate ton < (10) : j 
oC (1 F ‘ 





Lp p) 
wLaCa(t k*) -- 1 
oC, 


where Ly, Ly and Cg are the values 
of the elements shown in Fig. 14, and 
k is the coefficient of inductive 
coupling between the two windings. 
The open and short-circuit impedance- 
frequency characteristics are shown 
in Fig. 15 and the critical frequencies 
corresponding to @, @:, @, and ,, at 
which the impedances are zero or in- 
finite in value, are such that :— 

Zi = O, at the frequency corre- 
sponding to , or %. 

Ziwe = *%, at the frequency corre- 
sponding to 2. 

Zwme = O, at the frequency corre- 
sponding to ®s, 


From an inspection of the relative 
positions of the characteristics shown 
in Fig. 15 and from a knowledge of 
the fact that two impedances have 
opposite signs in a pass band and 
similar signs in a stop band, the 
following information may be ob- 
tained :— 











sa ad o> “9 | Sign of Pass or 
| 2 Zisc | stop band 

0 tow: a — stop band 
@, to We _ pass band 
We tO Ws — stop band 
W, tO WW, + pass band 
wg CO Gee oF stop band 

















It will be seen that two separate 
pass bands are present. and in order 
that the required condition of only 
one pass band is realised it is neces- 
sary to modify the values of certain 
critical frequencies. A single pass 
band will appear if « is made equal 
in value to #, or @: or @, but since 
it can be shown from Equations (10) 
and (11) that with real element values 
®, cannot be equal in value to or 
«, the only solution for one pass 
band is when ®, is equal in value to 
#. A single pass band will then ex- 
tend between frequencies correspond- 


When Zire = = oO, 

ae diel. SO ieee Wen) 
and when Zise = O 
I eG c(h Re) Se O° 540589) 


LZ xCy(t Re) ae EO ns EP Ad 


The impedance Zoe is zero at the 
two cut-off frequencies corresponding 
to o, and w, at the extremities of the 
pass band. Let the frequencies at 
which Zwe is zero correspond to ®p, 
then from Equation (10) :— 


wo°L a “a wo,’ Lyf B 


+ OL yh gl aCp (1 k*) (15) 


O-= 1 


from Equation (14) 

LsCa(s kK) = Lyle 
therefore subsituting ZLaCq(1 kh?) 
for LgCy in Equation (15) :— 

Orne tsa -aFEi€ x3 hk?) 
ae 2 Oa (Geen a) RP eae (16) 
2 Bt VaR 


eo, = ——_—_———————— 


$n Et l= k’)* 


but #, and », are the lower and upper 
values of #, :— 


2-—- # + Vek — 3¥ 








@) = 
aC, 2 = BFP 
- (17) 
2 e+ Vai — sek ll 
and ow? = 


2L Cal ey 
es (18) 


Electric wave filters are generally 
designed to operate into resistive loads 
which match the image impedance of 
the filter at the mid-band frequency 
corresponding to ®m. In the case of a 
band-pass filter this mid-band fre- 
quency is taken as the geometric mean 
of the two cut-off frequencies, whereas 
in the case of low or high-pass filters 
the. mid-band frequency is taken as 
zero. or infinite respectively. 


w*( vhs 

The image impedance Zm at the 
mid-band frequency is made equal in 
value to the resistive load 2; and from 

Equations (19) and (20) :— 

b 

Link rs 
OnC 4 VI k? 


The portion of the design data 
which has been obtained may now be 
collected :— 


Ra (29) 


Il 


hb 
We: can ntinantinags 
aC, Vi —- F 
I I 


Sy = e— = 


Llp Bega k?) 
: ee 
o,? = ——— and 
2h Ca (1 - k*)? 


> 


b] 





2-— + V4k* — 3h 
ea = a 


2L£4C, (1 — R*? 





The remaining portion of the design 
data may be obtained from the im- 
pedances presented by the tuned trans- 
former shown in Fig. 14 to the resis- 
tive load Rs, when the value of the 
resistive load RF; is zero and infinite. 
These impedances are given by :— 

oLp 
Lise => j SS on RCN EES ME (22) 
1 — #L3Cy 
where Z2s¢ is the impedance presented 
to the load #, when the far end of the 
tuned transformer is short-circuited. 

From Equations (14), (19) and (22) : 

oLy 


Om 


Secondly, if Ze is the impedance 
presented tc #&, when the far end i: 
open-circuited, we lave: 





| 
| 
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I CLC. — 


and from Equations (14), (19) and (23) : 








Ws 

ol (1 e 

5 - Om" 
Ace = —— 
w = ot 
age” tae eS Levee ea pon 
Om? Tee kh?) Om? Om! 


The image impedance Z., may be 
obtained from Equations (24) and (25) 
since hus — V Lass . Zocke — 


ols, 


wo (55 es aa 
l— --——e——- ll Ur Ht hl 
@m’( I.- k’) Wm? @m‘* 


The image impedance Zm. at the 
mid-band frequency, is equal in value 








to the resistive load R:, therefore 
when © = @&m:— 
OnLlpV 1 By) 
Zing = Rk, Se as tees wien (27) 
k 


This expression completes the design 
data for tuned transformers type 2.C 


In the demonstration of Method 2 
the open and short-circuit impedances 
were given in terms of the element 
values and the coefficient of inductive 
coupling. The derivation of the de- 
sign data may generally be simplified 
if Foster’s Theorem® is used and the 
impedances expressed in terms of the 
critical frequencies and one of the ele- 
ments. This theorem is more fully 
explained and its use demonstrated in 
Section 3.4. 


3.3 Method 3 


Tuned transformers which have a 
symmetrical form, or which, by the 
introduction of an ideal transformer, 
Fig. 36, can be reduced to a sym- 
metrical form, may be dealt with more 
simply than is possible with Method 2 
by a process of circuit transformation 
into the symmetrical lattice form. An 
example of such a transformation is 
shown in moving from Fig. 34 to 
Fig. 38. The method then reduces to 
the general method of design described 
in Section 3.2, when Z, and Z;, the 
impedances respectively of the series 
and lattice arms of the lattice network 
are made to replace the open and 
short-circuit impedances Zoe and Zee. 
The simplification to Method 2 arisés 
because the number of circuit elements 
involved is reduced by about one half. 


3.3.1 Use of Bartlett’s Bisection Theorem 
Bartlett’s  Bisection ‘Theorem’ is 
used to transform to the lattice net- 
work from the equivalent T- or 7- of 
the tuned transformer. As an 
example of the use of this theorem 
consider Fig, 17. It is necessary when 
using Bartlett’s Bisection Theorem in 
order to obtain the equivalent sym- 
metrical lattice network, to introduce 
an imaginary vertical centre line such 
that the portion of the network to the 
left of this centre line is the mirror 
image of the portion to the right. This 
may be accomplished by modifying 
the positions and the values of certain 
elements, in the manner shown in Fig. 
18, without altering the electrical form 
of the network. It will be seen that 
this resulting network is electrically 
identical with that shown in Fig. 17, 
and at the same time the above con- 
ditions are fulfilled. Bartlett’s 
theorem, stated simply, says that the 
pairs of two-terminal networks form- 
ing the lattice and series arms of the 
equivalent lattice network are respec- 
tively identical with the two terminal 
networks presented between terminals 
e and f, Fig. 18, when all the con- 
nexions passing through the centre 
line a } are disconnected or all con- 
nected together. In this particular 
case the resulting lattice network 
shown in Fig. 19 is the balanced 
equivalent of the unbalanced network 
shown in Fig. 17. In a_ similar 
manner the equivalent symmetrical 
lattice network of any symmetrical 
ladder network may be obtained. 


3.3.2 Examples of Lattice Transformation 


By way of explanation consider the 
unbalanced symmetrical T-network 
shown in Fig. 20, and the equivalent 
balanced network shown in Fig. 21. 
The well-known equivalent lattice 
network” is shown in Fig. 22 and it 
will be seen that this network is iden- 
tical with that obtained by the applica- 
tion of Bartlett’s theorem to the ladder 
networks of Figs. 20 or 21. When 
impedances are added in series with 
the lattice network of Fig. 22, as 
shown in Fig. 23, the lattice portion 
of this network may be replaced by 
the equivalent balanced T-network of 
Fig. 21 and the resulting equivalent 
network of that shown in Fig. 23, is 
shown in Fig, 24. From the well 
known equivalence of the networks 
shown in Figs. 21 and 22 it will be 
seen that the lattice network shown in 
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Fig. 25 is equivalent to the network 
in Fig. 24 and is thus also equivalent 
to the network in Fig. 23. In a 
similar manner, using balanced and 
unbalanced @-networks in place of the 
T-networks and employing the well- 
known equivalence” of the networks 
shown in Figs. 26, 27 and 28 it will 
be seen that the networks shown in 
Figs. 29, 30 and 31 are equivalent to 
each other. From the foregoing it 
will be seen that if identical im- 
pedances are connected in series or in 
shunt with each side of a lattice net- 
work, the equivalent lattice network 
comprises the original lattice struc- 
ture, with the total impedance added 
to one side of the original network 
connected respectively in series or in 
shunt with each arm of the original 
lattice. This may be seen from an in- 
spection of Figs. 23, 25, 29 and 31. 
By means of these useful equivalent 
networks, which are frequently used 
in the design of electric wave filters’, 
the equivalent lattice network of com- 
plicated symmetrical ladder-networks 
may be obtained. The simple T- or 
w-section at the centre of the ladder- 
network is first transformed into an 
equivalent lattice structure and the re- 
maining series and shunt elements are 
successively taken into the lattice- 
network. When bridging impedances 
are present in the ladder network, as 
the series and shunt elements are suc- 
cessively taken into the simple lattice 
network, at a certain stage the bridg- 
ing impedances will be in parallel 
with the series arms of a lattice net- 
work and may be included as part of 
the series arms of that network. By 
way of a typical example consider the 
symmetrical ladder network shown in 
Fig. 17. This network is shown in 
balanced form in Fig. 32 and when 
the balanced T-portion at the centre 
of this network is replaced by its 
equivalent lattice structure, the com- 
plete network is as shown in Fig. 33. 
The bridging impedances, Z;/2, may 
be incorporated in the series arms of 
the lattice network and when the shunt 
impedances, Z2, are taken into the 
lattice structure, the network shown in 
Fig. 19 is obtained. This demon- 
strates the results to be obtained by 
the more direct method, using Bart- 
lett’s Bisection Theorem. 


3.3.3 Example of use of Method 3 

The design data for tuned trans- 
formers type 2.B will now be derived 
by means of Method 3. A transformer 
of this type is shown operating be- 
tween two resistive loads #; and R; in 
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Fig. 34. An equivalent network of 
the type in Fig. 8 is shown in Fig. 35, 
and since it is necessary when using 
Method 3 that the network shall be 
symmetrical, the two capacitances and 
the two resistive loads must be made 
equal in value. The resulting sym- 
metrical network is then as in Fig. 36 
and as this network is equivalent to 
the networks shown in Figs. 34 and 35 
it will be seen that :— 


Ly Ge 

Site) (Tae satel ae Suqniab as palek sss peshcatnbs (28) 
Lp Ca 

ind 

R, em 

Fe Tae ees PT ee ee (29) 
Rk: Lz 


The network shown in Fig. 36 may, 
without alteration to its electrical 
characteristics, be realised in the form 
shown in Fig. 37 and applying Bart- 
lett’s Theorem the equivalent sym- 
metrical lattice network, Fig. 38, is 
obtained. 

The impedances of the series arms 


Zs, and the lattice arms Z,;, are as 
follows :— 


wr Ly ( “a ( fae k) 1 
ak hE Rae ie (30) 


-1 
2: (31) 
oC, 


From an inspection of the im- 
pedance-frequency characteristics of 
the series and lattice arms, shown in 
Fig 39, it will be seen that a single 
pass band extends between the fre- 
quencies corresponding to ®; and ®2, 
and hence these two frequencies are 
the cut-off frequencies. 

Zs is zero when @ is equal to #, and 
from Equation (30) :— 

o%L .Ca(i ky) =1 (32) 

Z;, is zero when ® is equal to @, and 
from Equation (31) :— 
wyL aC, (1 + k) = 1 (33) 

The mid-band frequency is given by 
®m = Vo, . o, therefore from Equa- 
tions (32) and (33) :— 

Wen* LiaCavi _ RB? ORAS a iksssecaseues 


we = 3 


Zy = j 





oC, 
[ LCi + k) 
J 


The image impedance, Z,, may be 


obtained from Equations (30) and 
(31) :— 
Z= V2.2; 





ar oL al ‘a +4 wo 7 aX — kh’) 


or | 
OCA 

- (35) 

The image impedance, Zn, at the 

mid-band frequency is made equal in 
value to the resistive load A,. 

..from Equations (34) and (35) 

when © = ®m 





‘ (36) 

Substituting for C, in this Equa- 

tion from (34) gives A; in terms of 

®m, Ly and k. This completes the 

necessary design data for tuned trans- 
formers of the type (2.B). 


(To be continued.) 
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TYPE 5080 TAKES A HOT SPOT 
IN THE SOUTH PACIFIC ... 


If you have been-exporting 
equipment to the Tropics you 
will know the immense difficu- 
lties in producing Transformers 
to operate efficiently under 
such conditions of heat and 
damp and you may give a sigh of 
relief when we tell you that 
those troubles are now a thing 
of the past. We are now produc- 
ing Transformers vacuum impreg- 
nated with a specially 


‘developed compound which will 


withstand the most adverse 
tropical climates. A typical 
member of our 5080 series is 
shown above, wound for outputs 
of 400-0-400V at 150m/a 6.3V 
at 5a and 5V at 2a. 


PARMEKO LTD. OF LEICESTER. 


MAKERS OF TRANSFORMERS. 
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INSULAR BUT NEVER OUT OF HARMONY _) 











PLASTIC COVERED CABLE THAT 
LENDS UTMOST INSULARITY AND MANY 
MORE ADVANTAGES TO WIRING WORK 


That’s TENAWIRE—a typical Tenaplas product in its 
virtues of great tensile strength; wear-, weather- and 
temperature-resistance. It gives constant insulation— 
is non-inflammable—unaffected by almost all acids and 
corrosives. Available as electric cable, twin-flex, twin- 
flat, co-axial, etc. In colours to blend harmoniously with 
any setting. Can we supply you ? 


Tenaplas 
Extruded Plastics 


at ty IN UNLIMITED COLOURS 


— * 
Cay, TENAPLAS LTD - UPPER BASILDON - Nr. PANGBOURNE - BERKS. 
Telephone: Upper Basildon 228 & 269 * Cables: Tenaplas, 


Reading - Code: Bentley's, Ist Edition - Agents throughout the world. 


Tro 








S.E.M. ¥2 tp. MOTOR 


A STANDARD } h.p. single 
phase, capacitor motor that is 
ideal for all normal purposes 
has been designed and manu- 
factured by S.E.M. engineers. 
The motor, which is equip- 
ped with capacitor starting, is 
suitable for use on all the 
normal supply voltages. It is 
equipped with a simple and 
substantial centrifugal switch ; 
has a high starting torque, and 
can be equipped with sleeve 
bearings in place of the 
standard ball-bearings, where 
specially quiet running is re- 
quired. it is enclosed venti- 
lated, speed 1425 r.p.m. 
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——SMALL ELECTRIC MOTORS LTD.— 


have specialized for over 30 years in making 
electrical machinery and switchgear up to 10 kW 
capacity. They are experts in the design and 
manufacture of ventilating fans and blowers, 
motors, generators, aircraft and motor genera- 
tors, high-frequency alternators, switchgear, 
starters, and regulators. 
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S.E.M. standard $ h.p. single 
phase capacitor motor 
In common with all S.E.M 
machines, this motor is manu- 
factured to the highest stan- 
dards of mechanical detail 
and has passed rigid inspec- 

tion tests. 












































The use of modern 
high-energy magnetic 
materials in these instruments gives an ex- 
ceptionally high torque/weight ratio; and 
mechanical simplification gives greater 
reliability, longer life. Full particulars 
of range on request. 


BALDWIN INSTRUMENT CO., LTD., GRAND BUILDINGS, TRAFALGAR SQ,. 
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NDON, W.C.2 


Telephone : WHitehall 3736. Works : 
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The “ Desynn’”’ System of Remote Indication 


By E. B. MOSS, B.Sc., F.Inst.P., A.F.R.Ae.S., M.1.A.E.* 


This article is based on a Lecture given at an Exhibition of British Instruments 
for Science and Industry in Sweden in May, 1946. 


HE ‘ Desynn’”’ system is an 
Fetes apparatus enabling one 

to read on a dial, and at a dis- 
tance, the setting of a control device 
or mechanism to which a transmitting 
element has been coupled. It is a 
self-synchronous system, and since it 
uses direct current the derivation of 
“ Desynn ”’? will be obvious, This 
equipment has been used almost ex- 
clusively on British aircraft since 
1939, but although it was evolved for 
use on aircraft, it obviously has 
numerous industrial applications. 


Theoretical Description 


A set of equipment is made up of a 
transmitter and indicator connected 
together by 3-core cable, while the 
transmitter is also connected to the 
battery, as shown in the complete cir- 
cuit diagram in Fig, 1. This indicates 
the most simple form of transmitter, 
embodying a toroidal resistance with 
three equally spaced tappings over 
which rotates a brush assembly 
making contact with diametrically 
opposite points and leading the cur- 
rent into the system. 

The indicator has a 2-pole perman- 
ent magnet turning within a soft iron 
stator carrying a 3-phase distributed 
winding, This is connected to the 
tappings of the transmitter, and so the 
distribution of currents in the 3-phase 
winding depends on the position of 
the transmitter brushes. These circu- 
lating currents produce a magnetic 


* Chief Engineer, Smith & Sons (England Ltd. 
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field within the stator, which turns in 
synchronism with the transmitter 
brushes, and the magnet aligns itself 
with this field, carrying the pointer 
too. The direction of the magnetic 
field in the stator depends on the rela. 
tive value of the currents, and not on 
the absolute value, so readings of the 
instrument are not subject to voltage 
variation. The current consumption 
of the equipment is about 30 mA on 
24 V. Fig, 2 shows the construction of 


Fig. 2 (left). Construction 
of simple transmitter. 


Fig. 4 (right). Cut-away 
drawing of micro-trans- 
mitter 
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of the simple transmitter, The rotating 
brush assembly carries an arm with a 
slot to receive the driving crank pin. 
This construction has appreciable 
friction, which does not matter in 
some applications, but another type 
of transmitter, known as the ‘‘micro”’ 
model, is designed for use where less 
power is available, This is operated 
by a short linear motion of only 2.5 
mm, which produces the same effect 
as a 300° rotation of the brushes on 
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a circular transmitter. In effect this 
device gives an electrical magnifica- 
tion for the brushes have only to 
rotate through 45° to slide over the 
length of two straight resistors each 
25 mm, long. 

The derivation of the circuit used in 
the micro transmitter from that in the 
circular type is shown in Fig. 3. The 
circuit shows that there are numerous 
tappings on the straight resistors and 
it would be difficult to solder all these 
in their correct positions, so pressure 
contacts are used, spaced at suitable 
intervals as shown with other features 
in Fig. 4. The current consumption 
of a set using the micro transmitte! 
is 60 mA on 24 V. The push pin is 
spring loaded with a maximum force 
of 120 gr. and the friction losses are 
about 8 gr, 

In both these transmitters the volt- 
age of each of the tappings will vary 
proportionately with the rotation of 
the contacts, as shown in Fig, 5, and, 
unfortunately, the instantaneous sum 
of three such saw-tooth curves is not 
always zero, and one result is that the 
magnetic field in the indicator stator 
does not rotate in perfect synchronism 
with the transmitter contacts, being 
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Fig. 6. Fiat resistor el t with contacts on 
rotating member. 





subject to a slight cyclic error, This 
deviation is characteristic of the sys- 
tem, and being invariable can be 
taken into account in calibration. 
This applies also to the theoretical 
effect of the indicator load on the 
transmitter calibration. Nevertheless, 
it is an advantage if friction losses 
and cyclic errors can be reduced, and 
continuous development has resu!ted 
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in the design of a third type of crans- 
mitter, with a resistor arranged as 
shown in Fig, 6. This resistance is 
wound on a flat former, and the 
supply connected to either end, pro- 
ducing a uniform potential gradient. 
The rotating member now carries three 
contacts, taking the place of the fixed 
tappings, and as these revolve their 
voltages vary according to a sine law, 
so that if the effect of the indicator 
load is omitted perfect synchronism is 
obtained. Another feature is that 
each contact is now called upon to 
carry less current, and this reduces 
wear. The physical form of such a 
transmitter is shown in Fig. 7. 

The construction of an indicator 
movement can be understood by refer 
ence to Fig. 8, which gives a sectioned 
view of a double instrument for use on 
aircraft, measuring only 1} by 23 in. 
It is built on a flanged brass tube 
with end cap containing the pivoted 
balanced rotor, and the stator fits on 
the outside. The stator is wound with 
very fine wire to ensure reasonable 
efficiency, so it would be difficult to 
load a stator of conventional design 
with the slots opening into the bore, 
consequently the slots open on to the 
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Fig. 3. Derivation of micro-transmitter circuit from circular resistance. 


Fig. 5 (below). Voltage variation with rotation of contacts. 
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Fig. 10 (below). Transmitter with two elements geared in 10 : | 
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Fig. 7 (top left). Transmitter using 
flat resistance element of Fig. 6. 


outside and are closed finally by a ring 
of high permeability alloy, This in- 
strument belongs to the moving iron 
class and is therefore liable to show 
effects of magnetic hysteresis, This 
would result in a difference between 
up and down readings, but actual 
hysteresis effects are reduced by the 
correct choice and treatment of the 
magnetic materials, so that the errors 
are usually less than 1°. When the 
rotor is displaced mechanically from a 
reading the forces acting on it are 
such that the torque required to move 
it 1° is approximately 0.08 gm/cm. 
This is a high figure and gives a 
torque/weight ratio of roughly 0.15, 
thus there is plenty of power to over- 
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Fig. 9. Transmitter geared to adjustable arm. 


come friction in the substantial pivots 
giving a robustness not usually asso- 
ciated with electrical instruments. 
Also the forces acting on the rotor are 
‘such that the natural frequency 1s 
about 12 c.p.s. subsiding to a steady 
reading in about 0.4 seconds. A 
movement with increased damping 
can be made which gives a steady 
reading in 0.05 seconds, It is also 
possible to increase the torque to 
about 10 times the value mentioned 
above, although at some cost in 
accuracy, but the indicator movement 
can then be geared to the pointer 
mechanism and so the accuracy is 
recovered. It is sometimes necessary 
to have two indicators connected to 
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Fig. 8 (top right). Cut-away drawing 
showing construction of indicator 
movement (double type). 


one transmitter, this is possible with 
little sacrifice of accuracy and the 
indicators do not react on one another 
as in A.C, systems. 

The indicators are made in two 
general forms for industrial work, 
one in a pressed brass case 4 in. in 
diameter, and the other in a 5 in. 
case when greater ease of reading is 
desired. 

The form of transmitter is adapted 
to the application, but one in common 
use is illustrated in Fig. 9. The 
motion to be transmitted is applied to 
an arm of adjustable length, which 
has 60° of useful rotation, and in- 
ternal gearing with a 1atio of 3 or 6:1 

(Concluded on p. 99) 
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Distortion in Diode Detectors 
By R. A. LAMPITT, A.M. Brit.1.R.E. 


{ is a generally accepted fact 
[= when using a diode as a de- 

tector in a radio receiver, a certain 
amount of distortion is introduced 
merely by the use of an audio- 
frequency amplifier immediately fol- 
lowing the detector. The distortion 
becomes more noticeable when the 
carrier is modulated to a depth ap- 
proaching 100 per cent., and is 
accentuated by a bad choice of com- 
ponent values in the A.F. amplifier 
input circuit. Several efforts have 
been made to overcome this trouble, 
two of which are outlined below, but 
in order to appreciate them it is 
necessary to consider the cause of this 
distortion, 


The Detector 

Fig. 1 shows the principal circuit 
of a diode detector. The R.F. filter 
network has been omitted in order 
to simplify the diagram. When a 
signal is applied via the tuned circuit 
LC, the anode is made alternately 
positive and negative with respect to 
the cathode at the same frequency as 
the carrier Z,. On the positive half- 
cycles of the carrier, the valve will 
pass current which will charge the 
condenser Cu. On the negative half- 
cycles, when the valve is non-con- 
ducting, the condenser will discharge 
slowly through &; The charging of 
the condenser will be rapid since the 
impedance of the diode is small, but 
providing R is large compared with 
r, the discharge will take place much 
more slowly. In consequence, a D.C. 
potential will be set up across R14 
and this potential will be almost 
equal to the peak value of £, minus 
the small peak voltage drop across 
the diode itself. In order to obtain 
a high degree of efficiency then, it is 
necessary to make Ry, large compared 
with 7. and in practice a value of 
about o.5 megohm is used. The 
efficiency is equal to 100 Rif(R + 7) 
per cent. The time constant of Cy, 
and A; must be long from the point 
of view of the carrier frequency but 
short from an audio-frequency point 
of view, in order that the higher 
audio-frequencies may not be at- 
tenuated when the carrier becomes 
modulated. As a result of the modu- 
lation, therefore, there will appear 
across Ry, an A.F. component in 
addition to the D.c. and very small 
R.F. components. It is the A.F. com- 
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ponent which is passed to the next 
stage for amplification, before being 
applied to the output valve and 
thence to the speaker. 


Fig. 2 illustrates the usual method 
of coupling to the A.F. amplifier. As 
the triode must have a separate and 
constant bias, a direct coupling from 
Rx to the grid of V2 cannot be made 
owing to the presence of the D.C. 
voltage component across the diode 
load. A blocking condenser Cz must 
be inserted, and a grid resistance R 
added in order to apply the correct 
bias to the grid of V2. This resistance 
may be used as a volume control as 
shown. 


If the carrier is unmodulated, the 
effective diode load is Rx, but under 
conditions of modulation when the 
reactance of Cs, becomes small, Rg 
appears in parallel with Rt and the 


R,.Re 
effective load becomes ———-—. This 
Ri+ Re 


different load on A.c. will cause the 
audio output applied to V2 to be dis- 
torted above certain depths of modu- 
lation. This may be explained as 
follows : 


Diode Characteristics 

It is first necessary to draw a set of 
7,E, characteristics and in order to 
do this it is advisable to simulate the 
normal working conditions of the 
valve. The circuit of Fig. 3 shows 
a variable negative bias being ap- 
plied to the anode of the diode. This 
voltage takes the place of the 
D.C. component normally developed 
across the load and in practice it 
biases the anode back in proportion 
to the amplitude of the carrier. 
Figures are taken as indicated, and 
curves are plotted of 7, against EF. (F. 
representing the ‘‘ slide-back ’’ volt- 
age just mentioned) for different am- 
plitudes of unmodulated carrier £:. 
(Fig. 4-) 
D.C. Load Line 

It will be noticed that although F, 
and £, are both zero there is still a 
small current flowing through the 
valve. This is due to the thermo- 
couple effect produced between the 
anode and cathode of the valve. In 
Fig. 5 the artificial bias has been 
removed and a load resistance Rx and 
reservoir condenser Ci have been 
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MINIATURE ff 
MOVING IRON & 
INSTRUMENTS 


Provided with clear, open scales 34” long. Flush pattern moulded cases. 
Well damped; suitable for D.C. & A.C. up to 100 cycles. Readings 
independent of wide variations in wave form. Movement of spring- 
controlled, repulsion type with high torque/weight ratio. Ammeters 
self-contained to 50 Amps; poger consumption does not exceed IVA. 
Voltmeters self-contained to 500 Volts; power consumption |.5VA. 











High Performance-Strength-Stability. 
Close electrical and mechanical toler- 
ances. Grades to suit various appli- 


heen’ i ai sii MEASURING INSTRUMENTS (PULLIN) LTD. 
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Tel: Welwyn Barden 925 ‘Cley, + wa Dept. E, Great West Road, Brentford, Middlesex. Telephone : Ealing 00/1 














UNIVERSAL TAYLORMETER 
First grade accuracy, 
40) ranges, 1000 ohms per volt. 
















| First Grade Accuracy. 8 Current Transformer 
2 40 Ranges. used on all A.C. ranges. 
3 1000 ohms per volt. 9 ps orggagye ned Pcsnocra 
4 Four-inch meter scale. from | Ohm up to 
5 Mirror and Knife edge | Megohm. 

pointer. 10 Three _ self-contained 
6 Buzzer for Continuity capacity ranges with 

Tests ’ external A.C. Supply. 
7 Automatic overload Now available for 

protection. immediate delivery. 

Price 


technical bree, £915. 05. 0.. 
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WIFE a steel Batteries Standard Cases 


@ Containers, Terminals 
= and even the Plates are for 
made of steel and prac- 


tically indestructible. D E L I E 
@ Active material totally T RY N 0 W 


enclosed. 





@ Completely inert on 
open circuit and does 
not suffer from local 
action and standing loss. 


@ No corrosive fumes. 





@ Alkaline electrolyte 
Superbly finished model of highest grade heavy gauge 


non-corrosive to all cell 

: : sheet steel, strongly welded and complete with internal 
ag including term- ental chassis finished in light grey, brown, yellow, red 
nals. or Diack. 


Type 1053A 15}’ w. x 8’d.x 9% h. £4 15s. Od. 
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substituted, Now, taking a load of 
0.5 megohm, a current of 10 micro- 
amps will develop a P.D. of 
5 volts and a point corresponding to 
this may be plotted on the graph. 
Also, when the anode current falls to 
zero, E, will be zero, for it is the D.c. 
voltage component across A,. Having 
plotted this point, a load line may be 
drawn through it, passing through 
the origin and extended to the left 
cutting the whole set of curves. 


On receipt of an unmodulated sig- 
nal, say, 15 volts r.m.s., a current 
Zo will flow through the circuit, and 
a voltage £.. will appear between the 
anode and cathode of the valve. This 
will automatically fix the operating 
point at P, which will lie at the inter- 
section of the load line and the 
characteristic curve for Z, = 15 V. If 
the signal strength is increased to 20 
V, then the operating point will move 
to P’, while if the signal is decreased 
to 10 V the point will move to P”. 


When the 15-V carrier becomes 
modulated to a depth of 100 per cent. 
by an audio-frequency, the operating 
point will traverse the load line be- 


tween points A and B in sympathy | 


with the modulation of the signal. 
This will cause £, to swing between 
E.,and Ez and an audio-voltage com- 
ponent will appear across #y, in ad- 
dition to the D.C. component repre- 
sented by Ex. (reproduced in Fig. 6). 


If a o.25 megohm load is used 
instead of o.5 megohm, and a load 
line be drawn as before, the second 
load line will be much steeper and 
is indicated in Fig. 6 by the load line 
XO. The operating point will be P, 
for an unmodulated signal, and will 
move between X and Y when &£, be- 
comes modulated to a depth of 100 
per cent. It will also be noticed that 
the anode voltage swing is less than 
before, which indicates a drop in 
detector efficiency, 


A.C. Load Line 

In the case of a diode detector 
being followed by an — a 
amplifier, as in Fig. 7, the effective 
diode load is not At but Rt.Ra/ 
(Ry + Rag). This value is found by 
assuming the reactance of Cs to be 
small in comparison with Rg. This 
being so, Cp may be neglected and in 
consequence, Ri and Re appear in 
parallel. The D.c. load remains equal 
to Ri, therefore the operating point 
will be on the D.C. load line whose 
slope is —1/Rt. 

Taking a case where Rx and Ro 
are, say, each equal to 0.5 megohm, 
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Fig. 5 (above) Fig. 6 (below) 
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the static operating point will be 1, 
on the load line AO in Fig. 6. From 
an A.C. poiut of view, however, the 
load becomes equal to 0.25 megohm, 
so that the ‘‘ dynamic ”’ load line will 
have a slope of — (Rt + Ra)/R1.Ra 
which will be numerically equal to 
— 1/(0.25,.x 10°) and will pass 
through the point P. This line is 
shown as CD. 


Now assuming that the £, = 15 V 
carrier is modulated to a depth of 100 
per cent., the operating point will 
swing between C and D, thus taking 
the valve beyond cut-off and conse- 
quently introducing distortion. This 
is seen in the shaded portion of 
Fig. 6. If the percentage modulation 
is reduced sufficiently to prevent the 
valve from being cut off there will, 
of course, be no distortion. During 
a transmission, however, the modula- 
tion often reaches 100 per cent., so 
that normally distortion might be 
expected during loud passages. It is 
interesting to note that the maximum 
permissible modulation for distortion- 
less reception can be calculated from 
the graph (Fig. 6) and is numerically 
equal to 100(Eao a5) Eas) | (E's: — E00) 
per cent. It should be noted that the 
value of Rg in the above example has 
been chosen in order to enable the 
point to be illustrated more clearly, 
but it is not a practical value. 
Remedies 

The obvious way of reducing such 
distortion in practice is to ensure that 
the value of the diode load to A.c. is 
as near to the D.C. load value as pos- 
sible and Re should therefore be made 
as large as is practicable having re- 
gard to. the maximum permissible 
grid resistance for the A.F. amplifier 
valve. This in practice is about 2 
megohms, but unfortunately a volume 
control with a resistance of this value 
produces an appreciable attenuation 
of the higher audio-frequencies when 
set to give a reasonable volume of 
sound from the speaker. This is due 
to the fact that normally the slider 
of the control is set near the bottom 
or ‘‘earthy ’”’ end of the track, and 
in consequence the portion of its total 
resistance which appears in series 
with the signal and the grid is large. 
This is equivalent to a high value 
of grid stopper, and if the grid- 
cathode capacity of the valve is large, 
high-note attenuation is appreciable. 


In view of this it is much more ad- 
vantageous to make At the volume 
control and let Re have a fixed value. 
This arrangement results in Rg 


having less effect on the diode load 
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since the ratio of Ry to the bottom 
part of Ry; is large. Diode distortion 
in this case would be varied by the 
setting of the volume control but 
would only reach that obtained by the 
former method when the control was 
set to maximum, which, of course, 
would only be on rare occasions. 


An effort has been made to remove 
the distortion by applying a small 
positive bias to the anode, and the 
effect of this is shown in Fig. 8. A 
positive voltage equal to + £, is ap- 
plied, and in consequence, the D.C. 
load line will be moved to the right 
and will take up a position A,B,; the 
new operating point will be P:, and 
the carrier will be 15 V as before, 


Upon receipt of a 100 per cent. 
modulated carrier of 15 V, the A.c. 
ioad line will appear as XY, and as 
is seen, the distortion will be 
eliminated. It is obvious that this 
positive bias + £, will only give this 
particular result when the carrier has 
an amplitude of 15 V. For smaller 
values of carrier amplitude the distor- 
tion will still be zero but greater 
amplitudes may again produce dis- 


Electronic Engineering 

















VV 


Vv 




















AV.C.CONTROL VOLTAGE 





Fig. ? 


torted outputs. Assume the carrier to 
increase to 30 V amplitude. With the 
same value of bias + a, the operat- 
ing point will move to A;. When this 
carrier becomes modulated to 100 per 
cent., the A.c. load line will swing 
about this point and will take up a 
position represented by the line EF. 
The operating point will traverse this 
line between E and cut-off, and as a 
result the audio component in the 
output will become distorted. In 
spite of this there is a definite im- 
provement since larger carrier am- 
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plitudes may be handled before 
distortion sets in. 
The Self-Adjusting Circuit* 

It is evident that the greater the 
carrier amplitude, the greater must be 
the positive bias in order to reduce 
the distortion still further. In view 
of this fact, a circuit has been de- 
veloped which is __ self-adjusting 
(Fig. 9). The rectified current of 
PD, develops a potential difference 
across its cathode load, and since the 
cathode then becomes positive with 
respect to earth, the anode of J, will 
be biased positively with respect to 
earth, the value of this bias being 
proportional to the carrier amplitude. 
The compensation obtained may be 
adjusted by making As variable. A 
disadvantage of the fixed positive 
bias method is that it increases the 
damping on the tuned circuit at low 
carrier amplitudes. This is minimised 
by means of the self-adjusting circuit, 
since the positive bias at these low 
input levels is very small. 





* Radiotronics, No. 74, March 31, 1937. 








Study television at its source! * 


E.M.I. Research and Development Laboratories were largely 
responsible for the Marconi-E.M.I. system of television transmission 
used by the B.B.C. Service—the first in the world. 





*% Special three-week 
practical Laboratory/ 
Workshop Courses in 
Radio and Television 
Servicing are commencing 
in April. Send for 
details. 


Dept. Il. 


E.M.I. Factories produce the finest television receivers in the 


world. 


E.M.I. Service department is the largest and most expertly 


equipped in the country. 


INOW —E.M.1. have set up a TRAINING ORGANISATION to provide im- 
mediate courses on practical TELevision (Postal and College Courses.) 


SOON this new Training College will extend its syllabus to cover all 


branches of Electronic Science. 


This is your opportunity to secure a thorough training in Television 


from the very pioneers of the Science. 


Ask your local H.M.V. dealer for further details or send for our free 
pamphiet which gives full details of this and other courses. 


E.M.I. INSTITUTES, LTD. 


43 GROVE PARK RD. CHISWICK : LONDON : W4 


Associated Company of: 
THE GRAMOPHONE CO. LTD. 
(* HIS MASTER’S VOICE”’) 
THE MARCONIPHONE CO. LTD. 
MARCONI-E.M.I. TELEVISION CO. LTD. 
RADIOMOBILE LTD., ETC. ETC. 
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Cathode-Follower Circuit Using Screen-Grid Valves 


of cathode-follower type the 

fraction of signal transfer from 
control-grid to cathode, may, if a 
triode valve is used, be caused to 
approach closely to unity. If, how- 
ever, 
having a screening grid is used, and 
the screening grid according to com- 
mon practice is operated at a fixed 
potential, the transfer from control 
grid to cathode is not so great. This 
arises since the screen current neces- 
sarily passes through the cathode-load 
resistance and constitutes an anti- 
phase component of cathode current. 
Thus, if a change of potential of the 
control grid causes a certain increase 
of potential at the cathode, it is clear 
that the screen component of current 
in the cathode circuit is reduced, so 
that the rise of cathode potential can- 
not be so great as it would have 
been had the screen component not 
changed. In this article there is 
described a circuit arrangement that 


[° is known that in a repeater stage 


“uses a screen-grid valve in the manner 


of a cathode-follower repeater but in 
which loss of signal transfer does not 
occur or is reduced. 


The principle employed in this 
arrangement is one of applying signal 
variations to the screening grid, By 
doing this it will be evident that the 
screen potential may be so varied as 
to maintain the screen current con- 
stant and in consequence remove the 
transfer loss. As indicated in the 
circuit diagram a small load resist- 
ance R, is included in the anode 
circuit of the screen-grid valve V, 
acting as a cathode-follower and the 
resulting changes of anode potential 
of the valve V; are communicated to 
the control grid of an additional 
valve V2 The anode circuit of the 
latter valve also includes a load re- 
sistance, and its anode is connected 
directly to the séreen grid of the first 
valve. The second valve may have a 
cathode-biasing resistance to improve 
its linearity of operation. 

With the arrangement illustrated, 
assuming that the magnitude of the 
cathode-circuit resistance of the 
cathode-follower valve V; is .R; and 
that the gain of the associated valve 
V, is A, it may be shown that there 
if no loss of transfer between grid and 
cathode of the valve V; due to the 


instead of a triode a valve © 
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presence of its screening grid when 
hey 
Ry = — —(Ri + P); 
A 


Tg/la 
being the ratio of cathode to anode 
current of the valve V; in operating 
conditions. p is the differential anode 
impedance of the valve Vi. 


the ratio 


By suitable choice of circuit para- 
meters the transfer loss of the stage 








WAYNE KERR 


Wore in progress on the 
impedance bridge techni- 
| gue, originated by Mr. C.G. 
Mayo and the B.B.C. 
Research Department and now 
| under intensive development by 
this Company, indicates that by 
this method measurement of 
balanced and unbalanced impe- 
dances can be made with useful 
accuracy beyond 200 Mc/s. 


We would welcome the oppor- 
tunity to discuss individual or 
specific requirements with poten~ 
tial users in order to achieve 
| maximum versatility in the 
| instruments themselves. 
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may be compensated not merely so 
that the stage simulates a triode stage 
but so that compensation takes place 
in any desired degree. If desired, by 
over-compensation the transfer frac- 
tion may be made greater than that of 
the equivalent triode stage and may 
even be made equal to unity. It is 
important to bear in mind, however, 
that the control exercised on the 
screen grid introduces positive feed- 
back into the circuit, and, therefore, 
in some circumstances the circuit will 
tend to oscillate. 


When, for instance, 


I Ix 
R, = — — (&; + P), 
Als 
so that exact compensation is 


achieved, the impedance looking into 
the cathode of the valve V; has the 
value 
cae 

re ’ 

H+! 
where u# is the magnification factor of 
the valve V; The impedance it will 
be seen is negative so that the stage is 
liable to oscillate, 

The impedance is zero when the 
circuit is under-compensated to the 
degree given by 

I 





Tx 
R=. —.P. 
Ak 


The circuit possesses a certain 
property of interest in respect to input 
impedance. In certain circumstances 
it may be caused to present a nega- 
tive component of input capacity 
which may conveniently be used to 
neutralise undesired or stray capacity 
associated with the input circuit. The 
property depends on the existence of 
the capacity between the screening 


grid and the control grid. In the 
absence of any signal variations 
applied to the screen grid this 


capacity would be present in the in- 
put capacity of the valve. If, how- 
ever, just such signals are applied to 
the screen grid as are applied to the 
control grid the capacity is effectively 
removed. If greater variations are 
set up on the screen than on the con- 
trol grid a negative capacity may be 
established in the input circuit. The 


ability to cancel capacity in the input 
circuit is important in the repeating 
of pulse signals where a rapid rise 
with the incidence of the leading edge 
of the pulse is required. 
—Communication 
Laboratories, 


from EM. 
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NOTES FROM THE INDUSTRY 


Electron Jubilee Celebrations 


The fiftieth anniversary of the dis- 
covery of the electron by Sir Joseph 
Thomson, O.M., will occur next year, 
and to mark the occasion the Institute 
of Physics and the Physical Society 
are jointly arranging a series of meet- 
ings and other functions to take place 
on September 25 and 26, 1947, in Lon- 
don. A special exhibition which will 
remain open to the public for several 
weeks, will be held at the Science 
Museum, South Kensington, and will 
show the development of the vast 
range of modern industrial equipment 
from its earliest experimental origins. 


Radiolympia 1947 


The Radio Industry Council 
announces that the National Radio 
Exhibition will be resumed in 1947. 
Present plans envisage a pre-view on 
September 30, and the show to be 
open to the public from October 1 to 
11. This will be the first opportunity 
since before the war for the British 
radio industry to display to the public 
its outstanding achievements in the 
design and production of radio, tele- 
vision, radar and electronic apparatus 
for civilian purposes, 


H.F. Heating Brochure 


An outline of the progress which 
has been made in high frequency heat- 
ing is given in a brochure—‘‘ High 
Frequency Heating by Valve Genera- 
tors ’’—just published by The General 
Electric Company, Ltd. 

The brochure, a copy of which can 
be obtained on application to Magnet 
House, Kingsway, W.C.2, is well 
illustrated throughout its 28 pages. 
Complete sections are devoted to the 
heat treatment of metals, 7.e., eddy 
current heating, and to heat treatment 
of non-metals, i.e., dielectric heating. 
Details are given of the range of 
G.E.C. generators, comprising 100 
watt, 1 kW, 5 kW and 25 kW models 
and prospective users are given a fair 
estimate of what can be expected of 
each. 


Philco Car Receiver 


Philco announce a new car radio 
for 1947. Housed in one unit, but 
having a separate tuning control, it 
weighs less than 12 lb. and suppressor 
equipment is a matter of personal 
choice. The set will be priced at 
£21 plus £4 18s. 3d. purchase tax. 


Mercury Vapour Detector 


The Central Scientific Company of 
Chicago announce in an advertise- 
ment* the introduction of a mercury 
vapour detector which utilises a 
chemical method for detecting as 
little as 7 parts per 100,000,000 of air 
in an hour. 

The apparatus consists of a trun- 
cated cone which acts as a chimney 
through which a constant flow of air 
is provided by a 25-watt lamp in the 
base. Fastened to the top of the 
chimney is a curved paper holder 
accommodating strips of selenium- 
sulphide-sensitised paper 7 in. by 2 in. 

A calibrated colour chart with a 
scale of six shades of grey for match- 
ing the test paper and a scale indi- 
cating concentration of Hg vapour is 
provided. An exposure of an hour 
is recommended for a detection of 7 
parts per 100,000,000 air, but for the 
toxic limit (1.3 parts per 100,000,000) 
an exposure of six hours is required. 

The price is $50.00 in U.S.A. 

*Science, Feb. 15, 1946. 


New Research Laboratories 


Elliott Brothers (London) Ltd., are 
setting up new research laboratories 
at Elstree Way, Boreham Wood, 
Herts. Mr. J. F. Coales, O.B.E., 
M.A., late of the Admiralty Signal 
Establishment, will be in charge, and 
the new organisation will undertake 
the development of all types of indus- 
trial and laboratory instruments and 
specialised equipment, It is also 
proposed to develop new techniques 
for the control of manufacturing 
processes, 


Literature Received 


The Reid and Silgrist Electronic Balancer. 

T.C.C. Electrolytic Capacitors ‘* Glasgow- 
Rex ’’ H.R.C. Switches and Fuse- 
Switches. (Midland Electric Manufactur- 
ing Co., Ltd.) 

Eddystone Short - Wave 
(Stratton and Co., Ltd.) 

Somerford Smoothing Chokes. (Gardners 
Radio Ltd.) 

All-wave Signal Generator, type 505. 
(Sphere Radio Ltd.) 

DS1o Transmitter (Standard Telephones 
and Cables Ltd.) 

Mazda Radio Valves and Cathode-ray 
Tubes. (Edison Swan Electric Co., Ltd.) 

Panalysor. A Radio Heterodyne Spectro- 
scope. (Panoramic Radio Corporation, 
America). 

Philips Battery Chargers. (Philips Lamps 
Ltd.). 


Components. 


The A.B.C. of High-Frequency Heating 
of Metals. (Philips Lamps Ltd.) 


Two New Laboratory Instruments 


Two new laboratory instruments 
are now available from Dawe Instru- 
ments, Ltd. Type 230a Decade 
Inductometer is a four-dial decade 
box having a total inductance of 111.1 
millihenries in steps of 10 micro- 
henries. This inductor is suitable for 
use as a_ standard of moderate 
accuracy for measurement of self 
inductance, and as the component of 
bridges, oscillators and similar equip- 
ment where a variable inductor is 
needed as a circuit element. It can 
also be used with the Impedance 
Comparator type 303A for the routine 
testing of coils within specified induc- 
tance values. The price of the instru- 
ment is £35. 

The other instrument is a Ratio 
Arm Box type 300A, suitable as a 
basic element around which to 
assemble any bridge circuit, and 
priced at £13 ros, 


New Instructional Film by Ediswan 


The increasing use of electronics in 
industry has created a demand for a 
simple explanation of the principles 
of this new branch of electrical 
science which should appeal to the 
student as well as to those who have 
been unable to keep in touch with 
recent theory. 

The instructional film, ‘‘ They’re 
Called Electrons ’’ has been made for 
The Edison Swan Electric Co., Ltd., 
by Wallace Productions Limited in 
collaboration with Studio Film 
Laboratories and Mr. G. Parr, Editor 
of Electronic Engineering. It is an 
ideal medium for expounding the 
elementary electronic theory in a 
graphic form which can be appre- 
ciated by all. Clever photography 
and cartoon work help to establish 
an understanding of the infinitely 
small by studying the release of the 
elementary electron from the atom. 
Its action in the thermionic valve 
used for transmitting and receiving 
radio signals is then demonstrated, 
It is intended that this film, and 
others to follow, shall be available to 
schools and training centres which 
have access to 35 mm, and 16 mm. 
sound projectors. It is three reels in 
length and runs just under half an 
hour, 

British Rola Ltd. 

The London Sales Office of British 
Rola Limited is now at 8 Upper 
Grosvenor Street, W.1. (Telephone : 
Regent 7566.) 
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Simmonds Aerocessories, Ltd. 


It has been decided to close 
the Great West Road works of 
the Head Office organisation and 
Research Departments of the com- 
pany to their Treforest works, nr. 
Pontypridd, Glamorgan, South Wales. 
The London office at 2/3 Norfolk 
Street, Strand, and the Regional 
offices are unaffected by this change. 


Mr. W. H. Stevens 


Mr. W. H. Stevens, until recently 
in charge of television development 
at R.F. Equipment, Limited, makers 
of ‘‘ Sobell’”’ radio receivers, has 
been appointed chief engineer of the 
company, 


Dr. R. C. G. Williams, B.Sc. 


It is announced that Dr. Williams, 
at one time with Murphy Radio, 
Limited, has joined the North Ameri- 
can Philips Company Inc., of New 
York, as an executive engineer. 


Bitone Reproducers 


Vitavox Limited are introducing a 
new reproducer specially designed to 
facilitate high quality sound repro- 
duction in small halls, cinemas and 
similar auditoria. The reproducer 
has a multi-cellular horn consisting 
of a number of small horns, correctly 
orientated to give adequate coverage, 
and a moving coil pressure unit with 
a light-weight diaphragm specially 
designed for high-frequency repro- 
duction, Full details of this unit 
can be obtained from Vitavox, 
Limited, Westmoreland Road, Lon- 
don, N.W.o. 


Electronically Controlled Model Train 


Electronic engineers who are also 
model railway enthusiasts will be in- 
terested to learn that a train with full 
electronic control by means of radio 
signals is now available in the 
United States. The outfit comprises 
a nfo” gauge, 6-8-6 steam locomo- 
tive, tender, four cars of different 
types, track, control equipment, etc., 
and has the following features : 
‘Start,’  “‘ stap’””. - and. “* reverse 
train ”’ electronically, whistle blown 
electronically, cars uncoupled elec- 
tronically, and even unloaded elec- 
tronically. All of which can take 
place anywhere on the track. Each 
unit of the train contains a miniature 
radio receiver and the control desk is, 
of course, a small transmitter. 

Further details of the equipment 
can be obtained from the Lionel Cor- 
poration, 15th East 26th Street, New 
York 10, N.Y., U.S.A, 


Electronic Engineering 


Electrical Engineering Book List 


The National Book League has just 
issued a Book List on Electrical 
Engineering in its well-known series 
of Book Lists, of which over 200 have 
now been published. This Book List 
was compiled by the late J. Corthesy, 
librarian of the Institution of Elec- 
trical Engineers. 

The price of the Book List is 8d., 
including postage. Copies are sup- 
plied free of charge to all members 
of the National Book League. The 
League now has more than 10,000 
members, including many industrial 
firms, which find its literary informa- 
tion services of great value. The 
annual subscription for individual 
members is half a guinea; for a com- 
mercial firm or industrial firm it is 
two guineas. Full information can be 
obtained from the General Secretary 
at 7 Albemarle Street, London, W.1. 





The ‘‘ Desynn ” System 
(Concluded from p, 93) 


is used to drive the transmitter itself. 
Another type has a } in. spindle 
projecting from a flanged case and 
this spindle is capable of unlimited 
rotation, the pointer of the indica- 
tor connected to it rotating in syn- 
chronism. 

Generally, the accuracy which can 
be obtained with these components is 
about 3° on the indicator scale. If 
still greater precision is needed then 
this can be achieved by gearing up 
the transmitter so that the indicato1 
pointer makes many rotations. This 
introduces the possibility that the 
indicator may get out of step with its 
transmitter, consequently it is usual 
in this arrangement to add an addi- 
tional set to count the turns, or, in 
other words, ‘‘ coarse’’ and ‘fine ’’ 
transmitter channels are employed. 
Fig, 10 shows apparatus of this type, 
the transmitter unit housing two 
elements, one connected directly to 
the operating shaft, the other revolv- 
ing at ten times the speed, thus it 
makes one turn for 36°, as shown by 
the main indicator dial, the revolu- 
tions being counted by a dial on a 
second indicator mechanism seen 
through a window at the top. 

Obviously, the industrial applica- 
tions of this device are almost un- 
limited, one general use is to show 
the contents of storage tanks for fuel 
and other liquids, another is to give 
remote indication of the setting of 
transformer tapping switches, Other 
applications will be obvious to tech- 
nicians dealing with other fields. 
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THE ‘“‘ @-MAX” CHASSIS CUTTER 


Does away with tiresome — and scraping. 
Holes cut easily and cleanly. Punch cuts 
through chassis, die prevents distortion, 
spanner turns bolt to cut holes. 
Size of holes I$ in. (octal) ‘ia om 10/6 
- » tein and I}in. ... abe 12/6 
(Post 9d. extra) 
(Patent Applied for) 





THE ‘‘ @-MAX* ABSORPTION 
WAVEMETER AND PHONE MONITOR 


An Absorption Wavemeter for checking 
frequency harmonics and parasitics in Oscillators, 
Doublers and Power Amplifiers. 
All amateur bands covered by plug-in induct- 
ances. Incorporated in the Wavemeter is a 
WX6 Westector—automatically connected 
across the tuned circuit by inserting phone 
jack plug for monitoring phone transmissions. 
Size 3? in. by 2 in. by 2in. Price ie 35/- 
(Price includes one inductance. Extra induc- 
tances 3/9 each.) 


Obtainable from your local Q-Max dealer or 
direct from : 
BERRY’S (SHORTWAVE), LTD. 
25, HIGH HOLBORN, LONDON, W.C.1 
(Opposite Chancery Lane) Tel. : HOL 6231 
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BOOK REVIEWS 


Two Electronic Handbooks 





Electronic Engineering Handbook 


by R. R. Batcher & W. Moulic and others, 
(456 pp. 460 figs. and tables plus appendix 
data, 1944. Approx. price in Britain, 22/6d.) 


Electronic Control Handbook 


by R. R. Batcher & W. Moulic, (334 pp. 296 
figs. and tables, 1946. Price, $1.00 plus two 
years’ subscription ($8) to “Electronic 
Industries ’’ (U.S.A.). Both published by 
Caldwell-Clements, Inc., 480, Lexington 
Avenue, New York 17, N.Y., U.S.A.) 


These two handbooks, apparently the 
first of a series to be issued by the 
American journal Electronic Industries, 
strike a new note in the literature of 
applied electronics and fully justify their 
claim to be working references for 
‘* specialists in electron tube applications, 
plant managers, production heads ”’ etc. 
Most texts so far available fall into two 
classes, namely theoretical treatises use- 
ful to students but of limited value to 
designers, or purely practical works de- 
scribing a few applications in detail but 
giving little assistance in solving new 
problems, Messrs. Batcher and Moulic 
however, who are connected as editors 
with Electronic Industries, have suc- 
cessfully bridged the gap in providing 
two really useful reference books which 
should be widely used. They possess the 
rare and happy knack of presenting 
technical information in an easily assimil- 
able manner, and both books are notable 
for clear readable style which is neither 
dry nor on the other hand descends to 
the irritating and condescending use of 
colourful adjectives and idioms which have 
spattered many semi-technical publications 
(especially. American) of late. | Whereas 
many texts give the impression of being 
stereotyped digests of earlier books, the 
authors are original in outlook and have 
always something interesting to say. No 
space is wasted on basic electric circuit 
principles, but every chapter builds up in 
an obviously knowledgeable, up-to-date 
manner. Circuit diagrams (many with 
values), line drawings, tables, charts and 
nomograms art liberally used and styled 
for ready digestion. Unusual emphasis is 
given to design features, linked with 
theoretical and practical data which, as 
well as drawing pointed comparisons be- 
tween different circuits and techniques, is 
presented in forms easy to use and saving 
much laborious calculation. In this 
respect the authors have taken full ad- 
vantage of manufacturers’ co-operation in 
assembling together much practical and 
widely-scattered data on tubes, auxiliary 
components and circuits. 

The first book deals mainly with funda- 
mentals. Section I-on-‘‘*Vacuum Tube 


Fundamentals,’’ covers. tubes of all kinds : 
thermionic, — photo-electric, cathode-ray 
(including the Skiatron and camera tubes), 
gas, vapour and pool types (including cold- 
cathode triode, permatron, ignitron, etc.), 
velocity-modulated and magnetron tubes. 
Construction and equivalent circuits are 
shortly discussed. ** Electronic Circuit 
Fundamentals ”’ then deals with rectifica- 
tion (including stabilising, multi-anode and 
heavy-duty working); amplification (in- 
cluding dynamic characteristics, much 
detail on LF and HF design, inverse 
feedback, neutralising (long discussion) 
and UHF limitations; oscillators (in- 
cluding UHF types and resonance trans- 
formers for obtaining HV power supplies) ; 
modulation (covering AM, FM and PM); 
detection; CRO’s (all parts of the system 
with complete Dumont circuits and an 
electronic switch); relaxation oscillators ; 
photo-electric circuits (with a useful col- 
lection of commercial arrangements) ; 
electron tube circuit applications (empha- 
sis on discriminating possibilities such as 
clipping and frequency variations, an 
especially interesting discussion on replac- 
ing conventional load resistors by tubes 
in amplifiers, forming ‘‘ series-tubes ”’ 
connexion, and notes on minute current 
amplifiers and the ‘cathode follower). 
Section III, ‘ Electronic Applications,’’ 
contains details on two topics which the 
editors consider worthy of special atten- 
tion, namely high frequency heating and 
industrial sound systems. Contributed by 
specialists, the first is an excellent review 
of both induction and dieleetric heating, 
in fact the best yet published, including 
not only application technique but power 
supplies and costs, several nomograms and 
data tables on both conductors and di- 
electric materials. The second chapter is 
concerned with the acoustical and elec- 
trical problems of both indoor and out- 
door sound systems of many kinds, and 
deals very capably with components, cir- 
cuits and typical installations. The final 
section, in the nature of an appendix, 
comprises 28 pages of data on vacuum 
and gas rectifiers, triodes tetrodes and 
pentodes for industrial, transmitting or 
special. uses, phototubes, thyratrons and 
ignitrons (sub-divided into welder and 
rectifier types). The only references in 
this volume are a few which appear in 
the chapter on HF Heating. 


_ 





Books reviewed in this 
Journal can be obtained 
from 


H. K. LEWIS & Co. Ltd. 
136 Gower Street,''W.C.1 





If not in stock, they will be obtained 
from the Publishers when available 











“Electronic Control Handbook ’’ is 
remarkable as the first book, it is believed, 
to present a general treatment of trans- 
ducers (or energy converters) from the 
viewpoint of the electronic engineer. As 
the title implies, this work is devoted to 
the practice of automatic contro! systems, 
which include many mechanical as_ well 
as electrical problems. Basic elements of 
control are first discussed, a particular 
difficulty being time lags of various kinds 
which cause hunting and errors. Con- 
troller types and electronic control methods 
by amplitude, frequency, phase shift, pulse 
and polarity are generally covered. In 
Section II, on ‘‘ Conversion Elements,” 
there is collected together in about go 
pages the most comprehensive practical 
data on transducers which this reviewer 
has ever seen, and which will make the 
book invaluable to workers in many 
branches of technology. Displacement and 
pressure converters include optical, con- 
tact, capacitor, inductor, resistor and 
piezo-electric types, with special empha- 
sis on topics such as_ velocity and 
displacement, magnetostriction, pressure 
conversion, strain gauges, tuned wires and 
the electret. Temperature conversion 
elements for high and low temperatures 
include pyrometers of the _ brightness 
(photo-electric) type, | thermo-resistance 
(useful data on thermistors to be especially 
noted), radiometers, thermocouples, _bi- 
metallic expansion, bolometers, thermo- 
sensitive magnetic alloys, pyro-electricity 
and dielectric constant conversion. Miscel- 
laneous topics cover viscosity, dielectric 
constant applications generally, pH con- 
trol of acidity and alkalinity, humidity 
and moisture content by several methods, 
flow measurement, response to ‘ rays ”’ 
and colour, Section III deals with 
‘* Electronic Modification Circuits ’’ use- 
ful in control. Amplifiers are generally 
reviewed, with special attention to feed- 
back, matching, inverting, etc., and par- 
ticular examples are given for impulse 


counting, high current, strain gauge, 
motor control, low current and _photo- 
tubes. Further topics are oscillators, 


counting and timing controls, rectifiers for 
de-modulation, and special passive net- 
works such as unbalanced bridge circuits 
and special bridge applications, RC filters, 
transient response and integrating cir- 
cuits. Finally in this section, deviation 
detection of voltage and frequency changes 
is dealt with. Activation elements or 
output devices are described in Section IV, 
which contains much interesting material 
on synchros and servo systems, solenoids 
and relays (including electronic types), 
saturable reactors and motors for control 
purposes. The final Section V, very 
strangely titled ‘‘ Control Motors,’’ is 
actually devoted to various specific in- 
dustrial electronic applications. Welding 
control is followed by a chapter on speed 
control, which in addition to electronic 
methods discusses the amplidyne. The 
last chapter details a number of. miscel- 
laneous applications which _ illustrate 
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various subjects raised in earlier chapters. 
The book is completed by a 3-page selected 
bibliography which, together with the 
ample lists at the ends of many of the 
chapters, forms a most useful set of 
references, 

Altogether, these two books are to be 
highly commended. The first ‘s valuable, 
the second indispensable to those dealing 
with a wide range of electronic problems. 
The sales feature of issuing the ‘‘Control’’ 
book only with a subscription may be 
annoying to many, but at the very nominal 
price the combined book and journal are 
an excellent bargain. 


J. C. Fintay 


Introduction to Electron 
Optics 


The Production Propagation and Focusing 
of Electron Beams. By V. E. Cosslett, 
(Oxford University Press, 1946.) 


This is the first book on electron optics 
in the English language written by an 
experienced teacher. While the other 
excellent textbooks intend chiefly to pro- 
vide the electronic engineer or the research 
worker with material and methods, this 
is a didactical book, and it fulfils its 
purpose admirably. The treatment is 
throughout elementary—surprisingly so 
for a book in the International Series of 
Monographs on Physics—and it can be 
fully understood by anyone with a know- 
ledge of elementary calculus and without 
any previous. acquaintance with  elec- 
tronics. But as an inevitable consequence 
of the restrictions which the author has 
imposed on himself, the 272 pages of the 
book are sufficient only for a bare intro- 
duction of the vast subject. 

The first 172 pages of the book are 


' devoted to an elementary explanation of 


the production of free electrons, and their 
dynamics in deflecting and focusing fields. 
Graphical, numerical, model and experi- 
mental methods of field determination and 
ray tracing are strongly emphasised at 
the expense of analytical methods, It is 
gratifying to find lucid descriptions of the 
new methods worked out by Motz and 
Klanfer, and by Klemperer and Wright, 
which appear for the first time in a text- 
book. On the other hand it appears that 
somewhat more consideration could have 
been given to problems of intensity than 
the few remarks on p. 156. Almost all 
the rest is devoted to fields and the 
geometry of trajectories. A discussion of 
the effects of space charge in electron 
beams has been omitted altogether. 

The next 76 pages: contain the discus- 
sion of electron optical devices, ranging 
over the whole field of cathode ray tubes, 
electron microscopes, diffraction cameras, 
velocity and mass spectrographs, particle 
accelerators and electron valves of all 
types. Even more than in the first part, 


the space is sufficient only for a_ first 
introduction, but it is supported by care- 
fully selected lists for further reading. 
The volume is closed by a discussion 
of the Hamiltonian Method on 14 pages, 
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which is exemplary in its conciseness and 
clarity. It will enable the student to 
study almost all advanced original papers. 
Perhaps it might be desirable to add to 
later. editions similarly clear and concise 
notes on wave mechanics and on rela- 
tivity dynamics. 

There are few mistakes in this care- 
fully written book. In Fig. 22, and in 
the explanatory text on p, 33 the kine- 
matics of the three-wheel trolley is wrong. 
All wheels ought to be at right angles 
to the radii drawn from the instantaneous 
centre. On p. ‘* symmetrical ”’ and 
‘* univoltage ’’ lenses are used as synon- 
ima, though this is corrected later on pp. 
62-68. But the name ‘‘ symmetrical ”’ 
lenses is not very happily chosen for what 
usually goes by the name of “ single ” 
lenses. A good opportunity has been 
missed here to clear up the regrettably 
confused terminology of the subject. On 
p- 123, (last lines) the reader is left with 
the impression that it might not be im- 
possible to compensate the spherical aber- 
rations in electron lenses, though three 
pages later Scherzer’s result is quoted, 
which categorically denies this possibility. 
On p, 135 the impression is given as if 
the Petzval condition would remove astig- 
matism and image curvature simul- 
taneously, whereas it would be more cor- 
rect to say that it flattens out the field 
if the astigmatism is compensated. On 
p. 205, after consulting Fig. 122 and the 
explanatory text the reader is still left 
wondering how anything is made visible“ 
in the electron microScope, as nothing is 
said about the origin of contrast. 

The book is well illustrated, clearly 
readable, and is likely to become very 
popular with young physicists and elec- 
tronic engineers. 


D. GaBor 


Electrical Contacts 


L. B. Hunt et al (Johnson, Matthey & Co., 
10/6d. net). 


‘* The purpose of this book is to place 
at the disposal of the electrical engineer 
information which will enable him to 
make a wise selection of material and 
form of contact for the majority of 
applications.”’ 

No one will question the authority of 
Messrs. Johnson and Matthey to publish 
a work on contact materials, and Dr. 
Hunt and his colleagues have set down 
the results of many years specialised study 
of precious metals and their properties in 
circuits. 

There are examples of the design of 
light and heavy contacts, with- tables of 
recommended metals and numerous ex- 
amples taken from industrial apparatus. 
A separate chapter on the properties of 
contact materials summarises all the 
special alloys and metals with notes on 
their particular application and technique. 

The book can fairly claim to be a com- 
prehensive handbook on the subject and 
has the further merit of being exceedingly 
well-produced. 


G. Parr 
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MODERN PRACTICAL RADIO 
AND TELEVISION 


This work covers every phase of 
Radio and Television Engineering 
from many viewpoints and meets a 
great demand. The author, C. A. 
Quarrington, A.M.Brit.I.R.E., with a 
long and wide experience of (Radio 
Engineering, has been responsible for 
training a large proportion of the 
Radio and Television Service Engin- 
eers in this country, and is also well 
known as a lecturer on Radio and 
Cathode-ray subjects to Universities, 
Radio Societies, Trade Associations 
and other interested bodies through- 
out the country. 


SOME OF THE CONTENTS 


Sound—Waves in Free Space—Electricity—Mag- 
netism and Induct Capacity—Reactance and 
impedance—Alternating Current—Tuned Circuit— 
Principles of the Thermionic Valve—The Signal 
Analysed—Detection—Reaction and Damping— 
H.F. Tetrode and Pentode—High-frequency Ampli- 
fication—Principies of the Superheterodyne— 
Frequency-changing Valves—Design of the Super- 
heterodyne—Practicat Coil Design—Switches and 
Switching—Low-frequency Amplification—The Out- 
put Stage—Output Valves—Loudspeaker—Auto- 
matic Volume Control—Tuning Indicators—Iinter- 
Station Noise Suppression—Automatic Tuning— 
Frequency Modulation—Power Pack—Decoupling— 
Gramophone Pick-up—General Mechanical and 
Electrical Considerations—Five Circuits Analysed— 
Aerials, Earths, and Noise Suppression—Car Radio— 
Principles of Low-power Transmission—High- 
Vacuum Cathode-ray Tube and its Application to 
Television—Time ase—Television echnique— 
Television-receiver Design—Adjustments and Faults 
of a Television Receiver—Measuring Instruments— 
Ganging Oscillator—Cathode-ray Oscillograph— 
Voltage and Current Testing—Instability and Motor- 
boating—Tracing Distortion—Tracing Mains Hum— 
Tracing Background Noise—Valve Testing—Re- 
ceiver Alignment (Ganging)—Whistles and Break- 
through — Loudspeaker Faults — Testing Com- 
onents—Fault-finding Procedure (A Summary)— 
ocal Interference—Workshop Hints—Accumulator 
Charging and Mai Simple Mathematics, 
etc.—Abridged Technical Dictionary. 








THE ILLUSTRATIONS 


‘Modern Practical Radio and Tele- 
vision ’’ is profusaly illustrated. It 
contains 16 full-page-plates, over 400 
diagrams in the text gnd 7 large 
folding insets. Each illustration has 
been specially selected for its 
practical utility. 


A FREE PAMPHLET 


To the Caxton Publishing Co. Ltd., 
171, Clun House, Surrey St. London, W.C.2. 


Please send me, free of charge, Pamphlet 


describing ‘‘ Modern Practical Radio and 
Television.” 
POIs k ss fica chs dccdias coheed sess decceciaxeseaan’ : 


Send this form in unsealed envelope (Id. stamp) 
PMI ss SS accasssipeneedsucedabtessscss cecavengesis? 


N.1 SOOO meee renee eee eee EEO OE EE EE EET OE EESEHE SEES OHHE TEES 
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MARCH MEETINGS 


NOTE.— In general, visitors are admitted to the meetings of scientific bodies on the invitation of a member, or on 


application in writing to the Organising Secretary at the address given. 


In certain cases (marked *) tickets may also be 


obtained on application to the Editorial offices of this Journal. 


Institution of Electrical Engineers 
All meetings of the London Section 


will be held at The Institution of 
Electrical Engineers, Savoy Place, 
Victoria Embankment, London, W.C.2. 


Radio Section 


Date: March 19. Time: 5.30 p.m. 

Lecture: ‘‘ Velocity Modulation Valves.” 

By: L. F. Broadway, B.Sc., Ph.D., C. i. 
Milner, M.A., Ph.D., D. R. Petrie, W. 
J. Scott, and G. P. "Wright. 


Radio Communication Convention 


Date: March 25. Time: 5.30 p.m. 


Opening Cae by Sir Stafford Cripps, 
P.C., , M.P., introducing 


ane gs Tolenndhisenivations in War." 

By: Colonel Sir Stanley Angwin, K.B.E., 
D.S.O., M.C., T.D. 

Date: March 26. Time: 9.45 a.m, 

Lecture: ‘‘ Long Distance Point-to-Point 
Communication.”’ 

March 26. Time: 11.30 a.m. 

** Naval Communication.” 


Date: 
Lecture : 


Date: March 26. 


Lecture: ‘* Military 
Communication.”’ 


Time: 2.30 p.m. 
and Aeronautical 


March 26. Time: 6 p.m. 
** Pulse Communication.” 


March 27. Time: 9.45 a.m. 
** Short-Distance Communica- 


Date : 
Lecture : 


Date : 

Lecture : 
tion—1.’ 

Date: March 27. Time: 11.30 a.m. 

Lecture: ‘* Short-Distance Communica- 
tion—2.” . 

March 27. Time: 2.30 p.m. 

‘* Direction-Finding.”’ 


Date: 
Lecture : 


Date: 
Lecture : 


March 27. Time: 6 p.m. 

‘* War-Time Broadcasting.’ 
Date : 
Lecture : 


March 28. Time: 2.30 p.m. 
‘* Radio Components.” 


March 28. Time: 9.45 a.m. 
‘* Propagation.”’ 


Date: 
Lecture : 


Date: March 28. Time: 6 p.m. 


Lecture: ‘* Review of the Convention and 
Future Trends.”’ 


By: Sir Clifford Paterson, C.B.E., D.Sc., 
F.R.S. 

Date: April 2. 

Lecture : 


Time: 5.30 p.m. 
** C.W. Navigational Aids.’’ 


Measurements Section 
Date: March 7. Time: 5.30 p.m. 
Discussion on—‘‘ Recent Developments in 
Calculating Machines.” 
Opened by: Professor D. R. Hartree, 
M.A., Ph.D., M.Sc., F.R.S. 
Date: March 21. Time: 5.30 p.m. 
Lecture: ‘* The Design and Construction 
of a new Electron Microscope.’’ 
By: M, E. Haine, B.Sc. 
Cambridge Radio Group 


Date: March 11. Time: 6 p.m. 

Held at: The Cambridge Technical 
College. 

Lecture: ‘* U.H.F. Triodes on Velocity- 


Modulation Tubes.’’ 
By: G. W, Warren, B.Sc. 
North-Eastern Centre 
Date: March 24. Time: 6.15 p.m. 
Held at: Neville Hall, Westgate Road, 
Newcastle-on-Tyne. 
Lecture: ‘* Industrial 
Electronic Techniques.’’ 
By: H. A, Thomas, D.Sc. 
Hon, Secretary: L. Mellor, ‘‘ Burn Brae,” 
Heworth, Gateshead, 10. 


North-Eastern Radio and Measurements 
Group 


Date: March 3. Time: 6.15 p.m. 

Held at: King's College, Newcastle-on- 
Tyne, 

Lecture: ‘* The Design of High-Fidelity 
Disc-Recording Equipment.” 

By: H. Davies, M.Eng. 

South-Midland Radio Group 

Date: March 24. Time: 4 p.m. 

Held at: James Watt Memorial Institute, 
Great Charles Street, Birmingham. 
Lecture: ** The Elements of Wave Propa- 
gation using the Impedance Concept.” 

By: H, G.- Booker, M.A., Ph.D. 
Hon. Secretary : E, May, Birlec Ltd., 
Tyburn Road, Birmingham, 24. 


The Television Society 


Date: April 1. Time: 6 p.m, 
Annual General Meeting (members only). 


Constructors’ Group 


Applications of 


Date: March 14. Time: 7 p.m 

Held at: E.L.M.A. Bureau, Savoy Hill, 
W.C.2. 

Lecture: “A Television Receiver for Home 


Constructors—Part 2. 
By: W. I. Flach. 

It is hoped to follow the meeting with 
a demonstration of the receiver. 
Lecture Secretary: 

G. Parr, 68, Compton Road, London, 

N.21. 

The Institute of Physics 
Midland Branch 

Date: March 15. 


Held at: The University, Edmund Street, 
Birmingham. 
Lecture: ‘* The Acceleration of Electrons 


and lons to Energies of the/ order of 
10° Electron-volts.”’ 
By: Prof. P, B. Moon, F.Inst.P. 

Note: This is a joint meeting of the 
London Section, Electronics Group. 
Hon, Secretary: Dr. J. H. Nelson, Messrs. 

Joseph Lucas Ltd., Birmingham. 


Brit. 1.R.E. 
Edinburgh Section 


Date: March 19. Time: 6.30 p.m 


Held at: The Heriot-Watt College, Edin- 
burgh, 1, 
Lecture: ‘‘ The Boundary between Sinus- 


oidal and Relaxation Oscillation.” 

By: E. Williams, Ph.D., B.Eng. 

Hon. Secretary: H. G. Henderson, 5, 
Muirburn Avenue, Muirend, Glasgow, 
S.4. 


The British Sound Recording 
Association 


Date: March 27, Time: 7 p.m 

Held at: The Royal Society of Arts, John 
Adam Street, London, W.C.z2. 

Lecture: ‘* Developments in 
Wire Recording.” 

By: P. T. Hobson. 


The British Kinematograph Society 
Sub-standard Film Division Meeting 

Date: March 26. Time 7.15 p.m, 

Held at: The Wellcome Foundation, 183, 
Euston Road, London, N.W.1 

Lecture: ‘ Problems of 16 mm. Projec- 
tion.”’ 

By: G. H, Sewell, 
Hind, A.M.I.E.E., A.R.P.S. 


Society of Instrument Technology 
Date: March 25. Time: 7 p.m. 
Held at: Royal Society of Tropical 
Medicine and Hygiene, London, W.1. 


Magnetic 


Lecture: ‘* Electronics in Non-destructive 
Testing.” 
By: R. Meakin, B.Sc., A.Inst.P, 


Thames Valley Amateur Radio Trans- 
mitters’ Society 

This Society, which is affiliated to the 
R.S.G.B. is open for membership to all 
keen amateur radio enthusiasts, and those 
interested are asked to contact the Hon. 
Secretary, G3JG, ‘‘ Thurston,’’ Orchard 
Way, Esher, Surrey, telephone number: 
Esher 3369. 

Meetings are held on the first Wednes- 
day in each month at the Carnarvon 
Castle Hutel, Hampton Court. 


Exeter and District Amateur Short- 
Wave Radio Society 


Meetings of the above Society are now 
being held regularly and those interested 
should apply to the Hon. Secretary, E. G 
Wheatcroft, 7 Mount Pleasant Road, 
Exeter, Devon. 


A.R.P.S., ead H. S.° 


TTR, 
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estructive The aerial towers for the Decca 


Navigator transmitter were designed and 
constructed by B.I. Callender’s. These 
galvanised steel lattice-type structures, 
325 feet high, insulated from earth and 
carrying four 75 feet long flexible horizontal 
booms to support vertical antennez wires, 
are examples of the kind of work on radio 
masis and towers which we undertake in all 
parts of the World. 
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are now BRITISH INSULATED CALLENDER’S CABLES LIMITED 
interested NORFOLK HOUSE, NORFOLK \STREET, LONDON W.C.2 
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A Millisecond Chronoscope 
(R. S. J. Spilsbury and A. Felton) 


This paper opens with a discussion of 
various methods of measuring short time 
intervals and then proceeds to describe a 
condenser chronoscope suitable for the 
measurement of intervals initiated and 
terminated by momentary or sustained 
makes or breaks in electrical circuits. 
The range is from 2 millisec to 1,000 
millisec. The voltage on the condenser is 
measured by a simple valve voltmeter 
which is used only as a transfer instru- 
ment, the final reading being given on 
three decade dials of a potentiometer, 
This reading is converted into milliseconds 
by the use of specially prepared tables. 

The instrument is self-contained and 
transportable, power being obtained from 
dry batteries. The accuracy, which is 
limited chiefly by dielectric absorption in 
the condenser and by leakage in the com- 
ponents, is of the order of 0.5 millisec on 
short intervals or 0.5 per cent. on long 
intervals. 


—Jour, I.E.E., to be published. 


The Electrical Measurement of 
Pressures and Indicator Diagrams 
(E. J. B. Willey) 

A brief discussion is given of the 
various methods for electrical measure- 
ment of pressure. Apparatus of a simple 
kind is then described, with working 
details, (a) for two pressure condensers, 
(b) for a capacity-coupled amplifier usable 
down to 5 c/s, (c) for a direct-coupled 
cathode-follower circuit and (d) for special 
non-linear time bases to convert pressure- 
time curves into indicator diagrams. 
—Jour. Sci. Inst., Nov. 1946, p. 264. 


Application of the lon Gauge in High 
Vacuum Measurement 
(H. E. van Valkenburg) 


The ionisation-type vacuum gauge can 
be used in applications where pressures 
less than 10~-‘ atmospheres are to be 
measured. Pressure indications may be 
obtained for the highest vacuums used in 
ordinary processes, The useful features, 
circuit requirements and inherent limita- 
tions of such a gauge are presented with 
relation to its effective application. In 
particular, the design of an_ electronic 
control unit and the use of standardised 
gauge valves are described. 

—Gen. Elec. Rev., June, 1946, p. 38. 


TELEVISION 





Television sae ce for Guided 
issiles 
(C. J. Marshall and L. Katz) 


A brief history of the technical problems 
associated with the development of com- 
pact airborne television equipment is out- 
lined. The system provides resolution, 
linearity and stability which approaches 
that obtained from broadcast equipment. 
Technical difficulties which arose after the 
completion of the equipment design are 
described. The final solution of these 
and other problems resulting from its 
installation in guided missiles are dis- 
cussed. Photographs taken from the 
receiver screen during experimental 
flights are shown. 

—Proc. I.R.E., June, 1946, p. 375. 


Development of an ultra low loss 
Transmission line for Television 
(E. O. Johnson) 


The development of a low loss 300 ohm 
parallel wire polyethylene dialectric trans- 
mission line is described. Loss curves, 
as well as a photograph of a production 
run sample of the line are included. 

—R.C.A. Review, June, 1946, p. 272. 
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BRITISH 


Greenhill Crescent. Ahone HARROW 
Harrow on the Hill. Middx. 0895 








WIDE RANGE OSCILLATOR 3°: 


A resistance tuned oscillator of low distortion for 
general laboratory use. 


RANGES : 20 to 20,000 c/s and 20 to 200,000 c/s. 
FEATURES : Long scale length (more than 36” effective 


length) ; No zero setting ; Constant output voltage ; 
Low distortion ; Low and high level output circuits. 


DAWE INSTRUMENTS LTD., HARLEQUIN AVE., GT. WEST ROAD, 
BRENTFORD, MIDDLESEX. PHONE; EALING 1850 
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RESPONSIBLE =MEN 





must rely upon 


vespon sible 
componente: 


Captain of an 85,000-ton “ Queen,” or skipper of a 
2,000-ton tramp, the man on the bridge is as good as 
his ship’s equipment. Power and communications, 
radio, radar and the latest electronic devices, are his 
trusted and responsible servants. In storm and fog, 
the ship’s safety is increased by Britain’s finest 
technicians. Such men in the Bulgin Research Labora- 
tory produce reliable components for every branch of 
radio and television. You. will know a Bulgin 
component by its sterling performance. 


BULGIN 
| hosting Pezau 
Famoul sin pr 


A. F. BULGIN & CO., LTD. 
BYE PASS ROAD - BARKING - ESSEX 


RiPpleway 3474 (5 lines) 
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Tne charge for miscellaneous advertisements on this page is 2 words or less, 5/- and 4d. for every additional word. Box numbers 


count as four = Eu t/- extra for replies. 
Shoe Lane, £.C.4, Replies to box numbers should be addressed as above, marked “ Elec. Engg.’ 


Hulton Press, Lcd., 





date: ISth of month for following issue. 
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FOR SALE 
AMATEUR RADIO GEAR. We have a large range 
of new Radio and Sound Equipment, including valves 
and tuning way 3 Waveband Coil Packs with dial 


drive, completely wired in with all instructions, 65/-. 
3-Waveband Tuning Heart with I.F. st wired in 
and complete with 6K8 mixer and oy atest high- 


gain 1.F. pentode, ready aligned, £ complete 
radio wired into two separate ~ Fg with all valves, 
etc., and ready to work, 175/-. Miniature A.C./D.C. 
Amplifiers for use with microphone and gram. input or 
for use with Radio Tuners and Super Regenerative 
Receivers. 12 watts, 12 gns.; compact 6 watt, 1o gns. 
Both in self- contained metal cabinets with multi-match 
speaker output. 5-watt A.C/D.C. Amplifier on 
chassis, complete with valves, 85/-. American metal 
and GT type valves, 65N7, 12SK7, 6SJ7, 6SG7, EF50, 
EAso, 807, 832, DET20, 7A7, 757, 7H7, IN5, 9003, 
IT4. ITs, etc. Bendix super quality 6-waveband 
Communication Receiver, with 12-in. speaker, 75 gns. 
complete. Marconi s-waveband Receiver as 6-valve 
tuner, 25 gns.; complete with 15 watts output, 
42 gns. Electronics 7-valve model, complete in metal 
cabinet, 1 microvolt sensitivity, “single-ended valves 
used throughout, BFO, gain control. 16-500 
metres. For use on A.C. mains or special model for 
6 v. or 12 v. operation. 12 months’ guarantee. 32 gns 
Send for our 12-page catalogue of components, valves, 
high-frequency receivers, communication equipment 
and high quality —-. United Electronics, Ltd., 

Electron Seon, 6 655, Fulham Road, London, S.W.6. 
(RENown 4178) 


@ pr. 


By Order of the 
Sale by Public Auction wi 


at 
BRAMCOTE AERODROME, WARWICKSHIRE 
(4 miles Nuneaton, 7 miles Coventry, 15 Leicester, 
20 Birmingham) 
upwards 8 1,500 lots of 
RADIO EQUIPMENT. ICAL FITTINGS 
AND’ STORES 

including: Radio Receivers, Power Units, Generators 

and Starters, Radar Scanner Units, Panel Controls, 

Voltage Regulators, Testing Instruments, Rectifier, 

Monitor and R/F Units, Insulators, Electric Cable 

and Wire (assorted), Aerials, Switches Loudspeakers, 

Amplifiers, Tuning and Modulator Units, — 

Boxes, Transformers, Chokes, Resistances, scillator 

and Cathode Ray Units, etc., etc. 

to be sold by Auction by: 
NIXON, TOONE & HARRISON 
on Monday, Tuesday and Wednesday, 
March 10th, 11th and 12th, 1947. 
at 11.30 o'clock prompt each day. 

VIEW DAYS: Wednesday and Thursday—March 
5th and 6th, ro to 4 o’clock, and on 
sale days. 

Admission by Catalogue voule, price 6d. each, admits 

two persons on View Days and one person on Sale Days, 

obtainable from The Auctioneers Offices, 12, Newdegate 

Street, Nuneaton, 8, The Borough, Hinckley and 

Lutterworth, near Rugby. 

IN STOCK. Rectifiers, Accumulator Chargers, 

Rotary Converters, P.A. Amplifiers, Mikes, Mains 

Transformers, Speakers of most types, Test Meters, etc. 

Special re ey uoted for.—University Radio, 

Ltd., 22, Lisle Street, don, W.C.2. GER. 4447. 

RADIUM SCINTILLOSCOPES showing proof and 

effect of atoms continuously exploding, by numerous 

powerfully invisible alpha 
ote | causing unceasing show “of brightly flashing 
points of light, on hitting round luminous screen 
viewed through lens system. Continuous action, 
radium remains active a th d years; 

well-made, all-metal instrument, nickel tube 2 in. 
long, 1 in. diameter, can be taken to pieces for viewing 
parts. Registered post free 30/- inclusive interesting 
leaflet on radioactivity. Cefa Instruments, 38a, York 

Street, Twickenham, Middlesex. POPesgrove 6597. 

EDDY CURRENT HEATER by Metrovick. Valve- 


of Supply. 
ut Reserve. 








operated, input 3.5 hegee — ut 0.5 k.w., at 500- 
1000 kiloc' mr eating co! is forced air cooled ; 2 in. 
long, 1% Sizes : Unit 6/34/24 ft.; Mobile 


Condenser %... H in., on trolley. 
250 volt mains, 50 cycles, one phase ; Se 
tappings 10 volts. Excellent condition, including s 
valve and coil. Present value £400; accept 
collected vendor’s premises (home counties). 
Box 961, “ Elec. Engg.” 


perates on 200- 


rete 





A SET OF BOUND VOLUMES, “ Electronics and 
Television,” 1935 to 1940 complete. Also copies of 
“ Electronic Engineering, January, 1941, to November, 
1946 (less July and August, 1941). O ‘ers ?—G, 
Short, Lynch House, Fowlmere, Royston, Herts. 
CAMBRIDGE INSTRUMENTS Unipivot Micro- 
ammeter, 6-ir. scale, 3:-0°3 ; 870 ohms. New, {10. 
Box 979, “ Elec. Engg.” 


LOUDSPEAKERS 


LOUDSPEAKERS—We carry on. Sinclair Speakers, 
tz, Pembroke Street, N.1. 


LOUDSPEAKER rerairs, British, American, any 


make, moderate prices.—Sinclair Speakers, 12, 
Pembroke Stre t, N.1. a 
MISCELLANEOUS 


“Britain’s Best’ Series of Exhibitions 
ALCRAFT 


No. 1. ENGINEERING & MET. 
EXHIBITION 
to be held in the Horticultural Hall, Westminster, 
London. 


From May t2th to 23rd, 1947. 
YOU SHOULD EXHIBIT 

Leading firms in many divisious of the Engineering and 
Metaicratt Industries are showing at this important 
Industrial Exhibition to which buyers from all parts 
of the U.K. and overseas are being invited. A few 
stands in excellent locations are still available. complete 
with Shell Stand. Write for particulars to The British 
Bulletin of Commerce (Exhibition Dept.), 17/18, 
Henrietta Street, Strand, London, W.C.2. 


YOU SHOULD ATTEND 

Many of the best examples of post-war Engineering and 
Metalcraft production in a variety of fields will be 
shown at the Exhibition. 

Open daily (except Sunday), from 9.30 to 8.30 p.m. 
Admission up to 6 p.m., 2/6. ivenings, 1/-. 
Tickets may be obtained from the Bulletin at the above 

address, or the Exhibition Entrance. 


CHIEF BUYERS of industrial organisations, you 
can save yourself many a headache when vitally 
urgent components are called for, by "phoning PAD- 
dington 6116. 

Already we supply the Services, many Government 
Departments, local authorities, Research Development 
Organisations, Training Colleges, etc. 

We specialise in this work and carry large stocks of 
high-grade components which, in emergency, we can 
forward immediately against your ‘phoned Official 
Order Number. 

Our stocks include—British and American Valves, 
from the latest miniatures to some of the larger trans- 
mitting types, precision condensers and _ resistors, 
inductances (receiving and transmitting) switches of 
all types (some ceramic), meters, test equipment, 
oscilloscopes, cathode-ray tubes, wire-wound potentio- 
meters, heavy duty transformers, chokes and resistors, 
high voltage condensers, etc. No enquiry or order too 
small, or too large or too difficult—in fact, the more 
difficult it is the better we like it. An enquiry on yo'r 
headed paper will bring our 24-page illustrated cata- 
logue by return post. Tele-Radio (1943) Ltd., £77, 
Edgware Road, London, W.2. Telephone: PAD- 
dington 6116. 


BANDPASS FILTER for distortion measurements, 

etc., 800/1,000 c. e. s., 600 ohms, inputs up to 50 watts, 

fro tos. A.E, , 'Ltd., 163, Holland Park Avenue, 
ondon, W.11 (PARK 6760). 


THE TECHNICAL ADVISORY BUREAU (Princi- 
pal: J. Mort, N.Sc., Tech. A.M.I.E.E.), represents a 
dsombination of nearly 50 specialists in all branches of 
radio and electronics. We invite your enquiries if 
you have a problem, require apparatus designed or 
built to your requirements, or desire an expert opinion 
on a project. We welcome enquiries from amateurs in 
difficulties. Write tor details to T.A.B., 42, Barn Lane, 
Golborn, Nr. Warrington. 


A WELL KNOWN technical publishing house will 
be pleased to consider manuscripts for publication, 
dealing with all aspects of radio and television. Treat- 
ment of subject should be moulded on practical lines 
with emphasis laid on data for the actual construction 
of apparatus. Manuscripts should be of 10,000 words 
and upwards, and should be submitted complete with 
finished or rough iomitadk _ _ 16559, Samson 
Clarks, 57/61, Mortimer, 





WE WILL BUY at your price used radios, amplifiers, 
converters, test meters, motors, or He speakers, 
etc., radio and electrical accessories. ite, phone or 
call, University Radio, Ltd., 22, Lisle Street, London, 
W.C.2. GER. 4447. 
THE NAME TO NOTE for all kinds of radio and 
mee metalwork to specification, modern rust- 
a all shapes and sizes undertaken, and for 
see use. Cormpecnnts and sub assemblies executed 
w meet recognised wiring and material standards, | 
Consultation, voles without obligation. Write: 
Department ‘01, Sea Rescue Equipment Ltd., Chiltern 
Works, Clarendon Road, Watford, Herts. 
PHOTOGRAPHY BY BEHR will show 
roduct at its best. Ask for illustrated list. 44, Tecapl 
“ortune Lane, London, N.W.11. SPEedwell 4298. 


MONOMAREKS. Permanent porsags | Address. Letters 
redirected. Confidential. 5/- és al Patronage, 
Write Monomark BCM/MONO4S, Wen 


WEBB'S Radio Map of the World enables you to 
locate any station heard. Size 40 in. by 30 in. 2-colour 
heavy Art Paper, 4/6, t 6d. Limited supply on 
Linen, 10/6, t 6d.— eoh's Radio, 14, Soho Street, 
London, W.r. sp GERrard 2089. 

MORSE Practice Equipment for Class-room or 
Individual Tuition. Keys, Audio Oscillators for both 
battery or main operation. Webb’s Radio, 14, Soho 
Street, London, W.1. ’Phone: GERrard 2089. 


WE HAVE THE Largest Stock of English and 
American radio books in the country, including many 
now out of print. Write or call for complete list. The 
Modern Book Co. (Dept. E.E.), 19/23, Praed Street, 
London, W.2 (PAD. 4185). 


MECHANICAL ENGINEERS to the Electronic 
re Precision and Optical Instruments of all 
designed and constructed in collaboration with 
Hisstronto Engi T p td., East Union 
Street, Rugby. 


SITUATIONS VACANT 


PHYSICISTS REQUIRED by firm in London area 
for research and development division. An honours 
degree in physics is essential and some previous 
research experience is desirable. Applicants should 
a stating age and experience to Box 944, “‘ Elec. 
ngg.” 

A FIRM IN LONDON requires communication 
engineer with considerable experience of radio circuit 
design especially on aircraft equipment and miniaturisa- 
tion. Good basic training and subsequent industrial 
experien: z essential. Post will be responsible one with 
very interesting prospects for right man. Initial 
salary up to £850 per annum. Write full details of 
education, qualifications and experience to Box 922, 
“ Elec. Engg.” 


ENGINEERS g uired for research and development 
department of tm in the London area. Previous 
experience on the development of electronic com- 
ponents necessary. oo should write Stating 
age and experience to Box 943, “ Elec. Engg.” 


REQUIRED —tTest Engineer with knowledge of high 
power high frequency valve generators. Box 968, 
“ Elec. Engg.” 


4.M.L.E.E., City and Guilds, etc,, on “‘ NO PASS— 
NO FEE" terms. Over 9§ per cent. successes. For 
full details of modern courses in all branches of 
Electrical bac rcavey ! send for our 112-page handbook 
—FREE and post free. Be o E.T. (Dept. 337B), 17, 
Stratford Place, London, W 


SENIOR ENGINEER iaanee in South East London 
district, to take change of design cand development q 
electronic should 

good Degree and have had extensive experience in this 
class of work. Salary required, age and full particulars 
of experience, etc., should be included in applications, 
which should be addressed to Box 9§7, ‘‘ Elec. Engg. 


PRODUCTION DEVELOPMENT Engineer re- 

quired by a large firm in Essex engaged in the light 
engineering industry. Applicants must have sound 
technical experience of jig and tool design and experi- 
ence of layout of mass production assembly lines 
Applications should state technical qualifications, age, 
experience, and salary required to Box 976, “ Elec. 


E 
eck continued on p. xx. 
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Switch problems— how easy they become when 
you know how and where! It’s the knowing that 
matters. Because any switch to be as perfect as the OAK, 
must have behind it all the resources of design, tooling 
and production of specialists — plus experience. And 
at British N.S.F. we have lived switches morning, noon 
and night for longer than we care to remember. The 
result is that your switch problems are likely to come 
easy tous. We are also able to say that, where standard 









Special or standard typ¢#/—all swith 
embody the OAK equalised pre ] ofible-coy Y 
clips and the OAK floating e eximmwve 
features are the ultimate in switch’ Oem zitiaam ing 
a mechanical and electrical efficiency that gi life 


and trouble-free operation. 












N.S.F. Oak Switches are genuine only when bearing Pat. Nos. 47839! 
and 478392 with the ‘'N.S.F. CAK"’ mark. Manufactured under sole 
licence of the Oak Manufacturing Co. Ltd., Chicago. British N.S.F. 
Sub-licensees; A.B. Metal Products Ltd. 


Other N.S.F. Products include Paper acitors, Silvered 
Mica Capacitors, Wire Wound Resistors and Potentiometers. 


WBOAK swirenes 


WITH THESE EXCLUSIVE FEATURES: 
~ DOUBLE CONTACT CLIPS - FLOATING ROTORS = 






aS ae =: 


EERIGHLEY, YORKSHIRE 
re: MAYFAIR 4234 
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CLASSIFIED ANNOUNCEMENTS (CONT.) 





CHIEF INSPECTOR required for works in South 
London area. Must have had control of inspection 
departments covering light engineering, tmechanical/ 
electrical assemblies and radio. A man of good 
education and experience is required, capable, if 
necessary, of instituting new systems of inspection and 
testing yi piece part and live assembly. Applicants 
should give details of age, experience, and salary 
required to Box 978, “ Elec. Engg.” 


SENIOR DRAUGHTSMEN required with experi- 
ence in design of radio equipment and components, 
A.E.S.D. rates and over, according to ability. Apply 
Personnel Manager, E. K. Cole, L.td., Malmesbury, 
Wilts. 


MECHANICAL DESIGNER required with experi- 
ence in the designing of radio receivers and components. 
Salary, £400 to £475. Applicants should write, 
giving details of previous experience, to Personnel 
Department, Murphy Radio, Ltd., Welwyn Garden 
City, Herts. 


THE BRITISH SCIENTIFIC Instrument Research 
Association has vacancies for graduate physicists to 
work in its new laboratories in S.E. London, in the 
following categories : 

1. Thermionics and photo-emission. 

2.. Industrial Process Control. 

3. General Experimental Physics. 

4. Electronics. 
The applicants should have had industrial experience 
in one or other of the above categories and salary 
(including superannuation under the F.S.S.U. after a 
probationary period) will be in accordance with age 
and qualifications. Applications should be addressed 
to the Director of Research and Secretary, The British 
Scientific Instruments Research Association, 26, 
Russell Square, London, W.C.1. 


A DEVELOPMENT ENGINEER is required for 
radio frequency heating in a laboratory at High 
Wycombe. Applicants should have an honours degree 
or equivalent, and should have a sound knowledge of 
mechanical engineering, together with previous 
development or research experience. Experience to 
have covered several of the following subjects: 
mechanical or production engineering, power switch- 
gear, transformers and rectifiers, high-power radio 
transmitting equipment and particularly R.F. dielectric 
heating. Applications in writing to the Personnel 
Manager, P.R.T. Laboratories, Ltd., ere — 
Wycombe, Bucks, quoting reference VLH/ PH 


JUNIOR ENGINEER required for ace 
work at a London firm of radio components manu- 
facturers. Degree and practical experience on com- 
ponent develo x pace important. Salary, £400 upwards. 
Apply Box 981, ,‘‘ Elec. Engg.” 


SENIOR DRAUGHTSMAN required, with experi- 
enée in light electrical engineering, for work on proto- 
type equipment in connection with television trans- 
mitters. Detail draughtsman also required for similar 
work. Apply by. letter to the Research Laboratories 
of the General Electric Co., Ltd., N. Wembley, Mddx. 


LABORATORY ASSISTANT required for acoustics 
laboratory dealing mainly with hearing aid investiga- 
tions. Applicants should be between 20 and 30 years 
of age, should hold a National or Higher National 
Certificate in engineering or electrical engineering, or 
have had equivalent experience. Initiative and 
adaptability are more essential quaiifications than 
previous experience of audio-frequency work. Salary 
according to qualifications, with superannuation. 
Apply Secretary, National Institute for the Deaf, 
105. Gower Street, London, W.C.1. 


LABORATORY ENGINEERS are required for 
development work on broadcast receivers. The 
laboratory is south-west of London, 30 minutes from 
Waterloo. Please write, stating age, salary expected, 
experience and qualifications. Box 984, “ Elec. 
Engg.” 

REQUIRED BY Instrument Company engaged on 
industrial telecommunications and medical measuring 
equipment : 

(A) One Development Engineer. Good physics 
degree or equivalent and some years’ experience in 
comparable work. Age at least 25 years, salary 
according to experience. 

(B) One Mechanical Designer. 
degree or equivalent essential. Salary, £430/590 p.a. 
(C) One Technical Assistant. Radio experience 
essential. Salary £6 per week upwards, according to 
experience. Box 990, “‘ Elec. Engg.’ 

ASSISTANT, age 17/20 required to assist in test gear 
section of London plant manufacturing.radio com- 
ponents. National or City and Guilds certificate student 
essential. Apply Box 974, “ Elec. Engg.” 


Radio experience and 
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RADIO MECHANICS and electricians required for 
company operating York and Lancaster aircraft. 
Write, giving ful! particulars of past experience and 
present employment to Box 983. “‘ Elec. Engg.” 


RADIO AND ELECTRONICS Research and 
es ae Engineer required with wide experience 
on V.H.F., miniaturisation and electro-mechanics. 
West London district. In applying give full details of 
experience, qualifications, age and salary required, 
to Box 989, “ Elec. Engg.” 


TRANSMITTER DESIGN Engineer required by 
E.M.I. Factories, Ltd. Substantial salary and good 
prospects for suitably qualified man. Write, giving 
full particulars, experience, etc., to E.M.I. Factories, 
Ltd. (T.D.E.), Hayes, Middlesex. 


ELECTRONIC ENGINEER, Inter. B.Sc. standard, 
with production experience, required to take charge of 
quantity production and testing of amplifiers in 
Glasgow. Experience of sound film equipment an 
advantage. Write, giving particulars of qualifications, 
experience, and salary required, to Box gg1, “ Elec. 
Engg.” 

PHYSICIST required by research department in 
West London area for work upon cable dielectrics. 
Candidates must have a degree and preferably have 
good experience of electrical measurements. Write, 
giving details of age, qualifications, experience, and 
salary = me to Box No. 323, c/o Whites, Ltd., 
72, Fleet Street, E.C.4. 


DRAUGHTSMAN, Junior, required, with experience 
of radio circuits and assemblies. Some technical 
knowledge desirable. Excellent opportunity for young 
improver to better position. Box 986, “ Elec. Engg.” 


GOVERNMENT DEPARTMENT has vacancies for: 
(A) Radio Engineers for station in south of England. 
Various grades open for transmitter engineers at 
salaries £250 to £600 p.a., according to experience and 
ability. Basic engineering training up to B. Se-rstandard 
preferred in higher grades,-but theré“are vacancies for 
men with sound knowledge of radio communications 
and workshop practice. 


(B) Electronic Development Engineer. One vacancy 
for keen, imaginative engineer with sound theoretical 
and practical knowledge of electronic equipment. 
Good technical education, preferably to degree stand- 
ard, with ability to be creative is essential. Salary 
commencing according to ability, with minimum of 
£400 p.a. Replies to Box 988, ‘‘ Elec. Engg.” 


ENGINEER required for vibration and mechanical 
test work on high-speed diesel engines. Knowledge of 
electronic equipment and its maintenance essential. 
Write, stating details of experience, age and salary 
required to Box 975, “ Elec. Engg.” 


APPLICATIONS are invited for the position of 
physicist in a television laboratory. Qualifications of 
applicant must include experience of radio or electronic 
engineering, a B.Sc., or equivalent, and at least 4 years’ 
industrial experience, preferably in television. Know- 
ledge of optics desirable. Salary, £450/700, according 
to age and qualifications. Age 25/35. Apply to: 
Ref. : TEL, VJ.H, Personnel Manager, P.R.T. Labora- 
tories, Ltd., Commonwood House, Nr. Chipperfield, 
Herts. 


ELECTRICAL ENGINEERING MANUFAC- 
TURERS in the Midlands require Engineers with 
specialist knowledge of electronic control circuits and 
equipment. Must have studied communicaticn 
engineering to Degree standard or equivalent. Also 
have sound general experience in electrical anc 
mechanical en,ineering and ample practical experience 
in industrial electronic engineering. Age 28 to 35 
preferred. Reply Box No. 993, “* Elec. Engg.” 


JUNIOR ENGINEER required for development of 
processes on radio components, in London area. 
Higher National Certificate in Electrical Engineering 
or equivalent esseutial. Box No. 994, “ Elec. Engg.” 


DEVELOPMENT ENGINEERS required by firm in 
the Manchester area. Applications must have had 
experience in development of radar equipment and 
preterably some knowledge of Gee. Please reply giving 
full particulars of age, qualifications and experience. 
Box No. 995, “‘ Elec. Engg.” 


REQUIRED BY FACTORY IN LONDON a Senior 
Radio Engineer with sound technical training and 
experience of high power high frequency engineering, 
for development of industrial electronic equipment. 
State qualifications, experience, age and salary required 
to Box No, 996, ‘‘ Elec, Engg.”’ 


SITUATIONS WANTED 
ELECTRONIC ENGINEER, 31, 14 years’ experi- 
ence, ex-A.I.D, (radar), C. and G. etc., seeks post, 
lab. or. test department. Keen, accurate worker, 
Box 977, “‘ Elec. Engg.” 
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ELECTRICAL ENGINEER, 26, honours degree, 
works apprenticeship, experience research on arc 
rectifiers and small vacuum devices, glass-metal 
seals, etc., requires post with prospects of advance- 
ments. Box 987, ‘ Elec. Engg.” 


ELECTRONIC ENGINEER, 20 years’ experience, 
ex-Naval Radar Lieut. Excellent connection Scottish 
shipyards and Scottish electrical firms. Seeks respons- 
ible position. Car available. Box 982, ‘ Elec. Engg.” 


TELEVISION ENGINEER pre-war and post war 
with a maior Radio Company, war service, Technical 
Officer, R.E.M.E., desires change, preferabry with 
smaller firm with more scope for initiative. Box 
No. 992, ‘‘ Elec. Engg.” 


WANTED 
WORK REQUIRED by group of qualified engineers, 
20 years’ experience on design and development of 
electronic instruments. Designs, manufacturing 
drawings and specs. Manufacture of prototypes and 
small-scale production. Box 985, “‘ Elec. Engg.” 


WE OFFER cash for good modern Communication 
and all-wave Receivers.—A.C.S. Radio, 44, Widmore 
Road, Bromley. 


URGENTLY REQUIRED, one new or second-hand 
frequency changer, specification as follows: output 
I or 3-phase voltage within range of 100-250. Output 
I-10 amp. frequency range 25-100. Input 230 volts 
single phase, 440 volts 3 phase. An inverted rotary 
convertor would be suitable if motor generator set was 
provided, Write Box 973, “ Elec. Engg.” 


WANTED. Douglas No. 3 automatic coil winder, or 


equivalent, and one complete draughting machine 
board and stand. Good condition. Box 980, “ Elec. 
Engg.” 
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ging. Fy 
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OLIVER PELL CONTROL LTD 
Telephone» WOOLWICH 1422 
CAMBRIDGE ROW’ WOOLWICH S-E-18 
















TRANSFORMERS 


to customers’ specifica- 
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| W. BRYAN SAVAGE LTD. | 


{, Wesemoreiond Rood, London. N.W9. Colindale 7131 


NEW DUAL TESTOSCOPE 













S ideal for High 
and Low Voitage Test- 
“ing; /30,100/850 A.C.and D.C. 


Send for i 124 on 
Electrical and Radio Testing, from yen Pow or direct. 


RUNBAKEN:MANCHESTER|! 





THE WORLD'S GREATEST BOOKSHOP 


ees 2©0e ecoKnx 
New and saat | Books*on§Engineering andj 
other subjects. 
: We BUY Books, too. 
119-125, Charing Cross Road, London, W.C.2 
GERrard 5660 (16 lines). Open 9-6 Inc. Sat. 
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The components illustrated here have been selected at random from 
the wide range of Eddystone high efficiency equipment obtainable 
at Webb’s. Many other items are available. If you cannot call at 
14, Soho Street, our mail order dept., provides a very helpful and 
efficient service. Send us a note of your requirements. 


1. Flexible Couplers facilitate mount- 
ing of components. Quite positive 


tn drive, 

$50 14] in. dia.} in. bore ... LM 
$529 1,7 in. dia. 3 in. bore 2/6 
$550 3} in. dia. f, in. bore ... 2/3 


2. U.H.F. Choke. Type 101! 1/6 


3. High Frequency Chokes. 
Minimum self capacity, small external 
fields. Both types approximate: 5/180 
metres. 

No. 1010 (50m/a) oes we 2/6 
No. 1022 (250 m/a) ... “ue 3/- 


4. Equipment Rack to international 

standard. Four pillar construction 

for rigidity and accessibility. 

No. 615/642. Pair of front and pair of 

rear vertical channels, 63 in. ng 
o 


Per set os ae eee £2/1 
No. 617. Standard chassis 17 x 

10 x 2in. (asillustrated). ... 11/0 
No. 618. Pair of Angle 

Brackets (as illustrated). ... 10/6 
No. 622. 3} in. Panels ... 7/6 
No. 621. 7 in. Panels .. 9/3 
No. 620. 8} in. Panels ... 10/0 
No. 619. 104 in. Panels (as 


illustrated) ... ive we 10/9 
No. 616. Pair of frames for top 
and bottom of rack. Per pair 21/0 


No. 636. Top Plate ... wei 10/0 
Nuts and bolts, } in. BSF. NP. 
Per doz. $i ate ob 3/0 


5. Neutralising Condenser. 


Capacity 1.5—4 mmfd. Flash-over 2000 
v. R.M.S. Size as illustration. No. 
481 evs Pe ae oe 3/6 





6. Miniature Stand-off Insulator. 
Frequentite ? in. high No. 1019 8d. 


7. UF. Transformer No. 645. 450/465 
Ke/s. Litz wound and permeability 
tuned. Brass case 2 in. by 14 in. by 
23 in. high. Gives very good screening. 
A high-grade Inter-stage coupling. 17/6 


8. Flexible Driving Shaft. No. 530. 
Enables awkwardly situated components 
to be symmetrically controlled from 
the panel. Length adjustable between 
42 In. to 6 in. and the drive is perfectly 
satisfactory through 45 degrees. Fre- 
quentite insulation aa 6/0 


9. Vernier Slow-Motion Dial, 3} in. 
dia. dial 

No. 594°(white on black)... 17/6 
No. 637 (black on silver) ua 20/0 


10, Full Vision Dial No. 598. Dial 
Escutcheon 6 in. by 44 in. Two spare 
printed scales provided. Ratio 10/1. 18/6 





xxi 








A WORD OF WARNING. 


All ** Eddystone *’ 

components are usually available from stock at 

Webb's, but post customers are advised to enquire 
before ordering. 


WEBB’S RADIO 


14 SOHO ST., OXFORD ST., LONDON,W.1. Phone GERrard 2089 


Hours of Business: 9 a.m.-5.30 p.m. Sats. 9 a.m.—! p.m. 








Electronic Engineering March, 1947 


To see oursels 
as ithers see us! 


Hoots Toots! (says the M.D. in what he 


laddie was oor Rabbie. If ye could 
see yoursel’ the noo, ditherin’ and 
a mitherin’ wi’ that auld puddock of a 


tool and michty pleased wi’ yoursel’, 


nae doot! D’ye no ken that P 


therre are fine wee toolies worrkin’ SAY 
wi’ electrricity and such that | 
wad dae your worrk in hauf the 

time at a huge savin’ o’ bawbees! 

Losh, mon, if ye could juist see 


yoursel.... ! 





Cor, stone the crows mate! 
If you could take a gander at 
yerself you’d take a runnin’ 


jump into the Frith of Froth! 
Speciatists in Lightweight, Pneumatic and Electric Portable Tools 


Desoutter Bros. Ltd. (Dept. ‘U’), The Hyde, Hendon, London, N.W.9. Telephone: Colindale 6346-7-8-9 Telegrams : Despnuco, Hyde, Londen. 
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